SS . NN AK NN RV 
 <« 
\ 


\ 


\ AC OSS RAS : , 
WRAY 


RG 
ae | 


\\ \ 


| 
~ 


HARVEY RADIO LABORATORIES, INC. 


RADIO’ LABS., INC. 


CAMBRIDGE MASSACHUSETTS, U.S.A. 


aunts 


TELEVISION RECEPTION 
TECHNIQUE 


PUBLISH BD BY {Pavia 


TELEVISION ENGINEERING 
By J. C. WILson. 


In demy 8vo, cloth gilt, 492 pp., illustrated. 
30s, net. 


TELEVISION OPTICS 


An Introduction 


By L. M. Myers, Research Department, Marconi’s 
Wireless Telegraph Co., Lid. ; 


In demy 8vo, cloth gilt, 338 pp., illustrated. 


30s. net. 
; TELEVISION: 
TO-DAY AND TO-MORROW 


By Sypnrey A. MosELry and H. J. Barton 
CHaprun, Wh.Seh., -B Se... AlC-GiL.,) DeLACe 
A.M.I1.E.E., Hon.M.I.W.T. With a Foreword by 
Joun L. BArrpD. 


In demy 8vo, cloth gilt, 230 pp., including about 
40 plates. 7s. 6d. net. Fourth Edition. 


POPULAR TELEVISION 


By H. J. Barton CHAPPLE. 
In crown 8vo, cloth, 112 pp., illustrated. 2s. 6d. 


net. 
TELEVISION 


Technical Terms and Definitions 
By E. J. G. Lewis. 


In crown 8vo, cloth, 95 pp., illustrated. 5g. net. 


Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, W.C.2 


TELEVISION RECEPTION 
TECHNIQUE 


By 


PA Day Bs 


RESEARCH ENGINEER 


LONDON 
SIR ISAAC PITMAN & SONS, LTD. 
1937 


SIR ISAAC PITMAN & SONS, Lrtp. 
PITMAN HOUSE, PARKER STREET, KINGSWAY, LONDON, W.C.2 
THE PITMAN PRESS, BATH 
PITMAN HOUSE, LITTLE COLLINS STREET, MELBOURNE 


ASSOCIATED COMPANIES 


PITMAN PUBLISHING CORPORATION 
2 WEST 45TH STREET, NEW YORK 
205 WEST MONROE STREET, CHICAGO 


SIR ISAAC PITMAN & SONS (CANADA), Lp. 
(INCORPORATING THE COMMERCIAL TEXT BOOK COMPANY) 
PITMAN HOUSE, 381-383 CHURCH STREET, TORONTO 


MADE IN GREAT BRITAIN AT THE PITMAN PRESS, BATH 
C-At.o7) 


PREFACE 


THE development of a television reception technique has in 
the past been undertaken by engineers who have had occasion 
to make a specialist study of the subject. The recent intro- 
duction of a regular British television service has very con- 
siderably increased the field of interest and many radio 
engineers who have previously dealt only with radio telephony 
may be faced with the problem of designing apparatus suitable 
for vision reception. 

The treatment of the subject in the present book is therefore 
from an engineering angle. The consideration of the various 
problems is based upon accepted alternating current theory, 
whilst the suggested solutions involve radio-frequency practice 
successfully used by the author during some sixteen years’ 
practical experience of similar engineering problems. It is 
interesting to note that every circuit arrangement described 
in the following pages has been practically investigated and 
used successfully by the author. The various photographs and 
illustrations were derived from vision equipment operating 
on the principles described and were prepared in the author’s 
laboratory. The reader is assured, therefore, that every theory 
which is advanced and every conclusion which is arrived at, has 
been the subject of satisfactory practical tests before any 
details have been included. 

It is realized that whilst the basic principles of vision recep- 
tion are generally appreciated, there may be many readers 
who are not too well acquainted with the present system of 
transmission and reception, and for this reason the first chapter 
is devoted to a simple and almost non-technical summary so 
that the book may be of value to those to whom the technique 
is completely new. 

An effort has been made to exclude all non-relevant matter 
such as details of purely historic or general interest. In 
analysing the various problems, no space has been wasted by 
the unnecessary discussion of well-known simple electrical 
theory, or the inclusion of mathematical proofs, which can be 
referred to in any standard textbook on alternating current 
electrical engineering. Similarly, matters such as electron 
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optics, or the design of cathode tubes, have been omitted as 
they have no direct bearing on the development of a successful 
reception technique by the engineer. 

Since the completion of the manuscript of the present book, 
experiments on a new method of scanning have been brought 
to a satisfactory conclusion. The system obviates the necessity 
of the rather troublesome line and frame hold adjustment 
controls normally found in a vision receiver. Accordingly, it 
is thought that the development is of sufficient imterest to 
- warrant inclusion, and an outline of the system is given in an 
appendix. 

PAUL D. TYERS. 


WATFORD. 
March, 1937. 
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Amplitude Filter. A device which is responsive to signals of 
varying amplitude but not of varying frequency. 

Black Level. The percentage of the transmitted or received 
carrier corresponding to black in the picture. 

‘* Blacker than Black.”’ The portion of a transmitted or received 
carrier wave below the black level, generally from zero to 30 per 
cent. 

D.C. Component. The absolute voltage due to a transmitted or 
received picture in an amplitude modulated vision system. 

D.C. Connection. The connection of the control grid of a cathode 
tube to a vision receiver, so that the grid potential is proportional 
to the absolute instantaneous carrier value. 

D.C. Restoration. Means for obtaining a d.c. potential on the 
control grid of a cathode tube connected to the output of a con- 
denser-coupled amplifier, generally comprising a rectifier and load 
circuit. 

Defocus. A condition of a cathode-ray tube under which the 
_ accurate focusing of the spot is lost. 

Electrostatic Deflection. The deflection of the cathode-ray spot 
by means of associated electrodes connected to a voltage source. 

Fly-back. The path traced by the spot in returning from the end 
of one scan to the commencement of the next. 

Focusing Coil. A solenoid or similar winding for use with a 
“magnetic” cathode tube for the purpose of focusing the electron 
beam. ; 

Format. The relative dimensions of the transmitted or received 
picture. 

Frame. A picture which has undergone one operation of 
sequential line scanning. 

Frame Hold. A popular name for the control which adjusts the 
frame frequency on the time base. 

Frame “Synch.” The impulse applied to the controlling element 
of the time base which scans the frame. 

Gas Relay. A gas-filled thermionic valve in which the gas ionizes 
at a critical anode potential whereby the anode cathode impedance 
assumes a very low value. 

Interlaced Transmission. A system of scanning a picture compris- 
ing a plurality of groups of sequentially scanned lines wherein the 
separately scanned groups are interlaced. 

Line. An element of the picture progressively and linearly scanned 
from one side to the other. 
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Line Hold. Popular name for the control which adjusts the line 
frequency of the time base. 

Line “ Synch.”? The impulse applied to the controlling element 
of the time base, which scans the line. 

Magnetic Deflection. The deflection of a cathode-ray spot by a 
magnetic field produced in a coil associated with the electron beam. 

Magnetic Focusing. The focusing of a cathode-ray beam by means 
of a magnetic field. 

Raster. The image produced on a cathode tube fluorescent screen 
comprising a plurality of lines resulting from scanning in two 
directions. 

“Snow.” Popular term for light flashes appearing on the screen 
due to electrical interference. 

“Synch.” Popular contraction for synchronizing or synchroniz- 
ing impulses. 

Synchronizing Impulse. An impulse transmitted at the end of a 
line or frame for the purpose of controlling a self-running time base. 

Thyratron. See gas relay. 

Time Base. A device for generating a saw-tooth wave form for the 
purpose of deflecting the spot on the fluorescent screen. 

Transmission Line. A feeder cable between a receiver and the 
aerial system. 

Video Amplification. Amplification after demodulation of poten- 
tials due to light variation. 
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CHAPTER I 
THE BASIC PRINCIPLES 


In the transmission of sound through the medium of radio 
telephony, electric voltages are produced which bear definite 
relation to the original sound. In the transmission of television, 
electric voltages are produced which bear some definite rela- 
tion to the light which falls upon the object which is televised. 
In the case of radio telephony there is no actual transmission 
of sound, and similarly in television there is no actual trans- 
mission of light. There is, therefore, a very marked similarity 
between radio telephony and radio television. “Radio tele- 
vision”’ is particularly mentioned because television can be 
transmitted over a cable in exactly the same way as it is possible 
to transmit telephony. Now telephony or television trans- 
mission may be accomplished either over a cable or through the 
medium of the so-called ether by virtue of radiated electrical 
energy. 

- Perhaps a better appreciation of what is involved in the 
transmission of television will be obtained if we consider what 
occurs in the case of telephony transmission by radio. At the 
outset we have a microphone which is a device capable of pro- 
ducing an electric current or voltage bearing a definite relation 
to the nature and intensity of the sound which impinges upon 
it. We next provide a device capable of radiating electrical 
energy at a high frequency, and we connect this device with a 
radiating system known as an aerial. By suitably adjusting 
the transmitting apparatus, it is possible to transmit or radiate 
energy on a given wavelength or at a given frequency. If we 
arrange at a remote point a collecting device again known as 
an aerial, and if we associate this aerial with a selective elec- 
trical circuit, the circuit can be made responsive to radiation 
occurring at the predetermined wavelength. 
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We have, therefore, at the transmitting end, a source of 
electrical energy which causes waves of a predetermined length 
to be sent through the ether and when these waves meet an 
electric conductor in the form of an aerial associated with a 
suitably adjusted selective device, we obtain across that device 
a minute voltage. This voltage in its characteristics is identical 
with that at the transmitting end. Now we have at the trans- 
mitting end two distinct sources of electrical power. The first 
is that which we generate for the purpose of radiating wave 
energy. The second is the power obtained from the micro- 
phone. This power bears a definite relation to the sound which 
affects the microphone. By suitably combining the two, it is 
possible to vary the nature of the radiated energy in exact 
accordance or sympathy with the sound which falls upon the 
microphone. The voltages which are produced across the 
selective device at the receiving end also vary in exactly the 
same proportion as those at the transmitting end. 

If we amplify our received voltages and apply them to a 
device such as a loudspeaker, we obtain a sound which is sub- 
stantially identical with that occurring at the transmitting 
end. This is a fundamental and very simple conception (totally 
void of any details) of the process of radio telephony. The 
principle of radio television is in every way comparable. 

The microphone, sensitive to sound energy, is replaced 
by some optical pick-up device sensitive to light variation 
which has the property of converting this light variation into 
varying electric voltages. The radiated energy from the trans- 
mitter is therefore dependent upon light variation. 

The voltages obtained at the receiving end are obviously 
dependent upon and are controlled by the light variation at 
the transmitting end. These voltages, which are suitable for . 
electrical treatment, are then applied to a device which will 
convert electrical energy into light energy, whereby we obtain 
a reconstruction of the original picture. 

So far, we see an almost identical process. We must now 
consider one fundamental difference, a difference which has 
rendered necessary the development of a completely new 
technique. If we take an extraordinarily complex sound or 
collection of sounds occurring simultaneously and apply these 
to a microphone, the electrical output from the microphone 
at any moment can be represented as an instantaneous electric 
voltage of some particular frequency and wave-form. This 
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voltage, if applied to a sound-reproducing device, causes the 
reproducer to emit a complex sound comparable with the 
original. 

In the case of vision transmission, there is no device which 
can instantaneously appreciate the composite picture and 
convert it into a complex electrical voltage; neither is there 
any device which, when affected by a complex electrical volt- 
age, will produce a composite light effect. Accordingly, in order 
to overcome this difficulty, any object which is televised has 
to be split up into a large number of minute elements in rather 
a similar manner to that employed in the production of an 
illustration by a half-tone block, which is composed of a large 
number of dots. 

Each element of the object or picture must instantaneously 
produce a certain electric voltage and this voltage in turn 
when reproduced at the receiving end must in some way or 
other produce a representative amount of light. Obviously, 
another complication arises because not only must the various 
elements of the picture produce corresponding elements at the 
receiving end, but they must all be fitted into their correct 
places. Yet another difficulty occurs because the object which 
is being televised is not necessarily still. This means that the 
television process must be on the same lines as that of ordinary 
cinematograph practice, where a number of instantaneous 
pictures or snap-shots are taken in succession, and are repro- 
duced so that one picture appears to merge continuously into 
the next by making the instantaneous pictures follow each 
other at a reasonable speed. Luckily the illusion is not spoilt, 
owing to an effect known as persistence of vision whereby the 
eye still appreciates what it has seen for a fraction of a second 
after the view is actually obscured. 

The Process of Scanning. The process of dividing a picture 
into a large number of separate elements is known as scanning. 
This is applied both at the transmitting and the receiving end. 
How this is carried out is best understood by considering how 
the picture shown in Fig. 1 could be cut up into a number of 
elements. One simple method would be to divide it into a 
number of horizontal lines. Each line, however, must be 
separately dealt with. If we look at the first line we see that 
it contains a certain amount of light and dark. It would be no 
good, therefore, taking a line as the unit element because it 
would only transform each line into some electric voltage which 
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would give us either a line of complete white or a line of com- 
plete black. If, however, we arrange what is in effect a point 
or spot and allow this to travel along the line, it will pass 
through regions of black and white and at any moment we 
should obtain an instantaneous voltage, proportional to the 
amount of light that is the black or white. 

When our scanning spot, as it is termed, has traversed the 
horizontal line, for example, 
from left to right, its next 
function is obviously to trace 
out a further line. It could 
do this by returning in a 
reverse direction or alterna- 
tively, as soon as the spot 
had completed the traverse 
of one line, a further spot 
could be arranged to scan 
the next line, the spots ex- 
tinguishing at the end of 
their traverse. 

The process could be re- 
peated until the whole picture had been scanned. Actually 
something very similar to the latter arrangement is used in 
practice. 

It should be very obvious that the definition which is ob- 
tained from a picture must be a function of the number of 
lines, and of course the physical dimensions of the spot. If 
we had a very large spot, the width of the spot would be suffi- 
cient to cover up elements of the picture of varying tone grada- 
tion and obviously therefore we should lose much of the 
definition of the original. The number of lines used in the 
scanning of the picture are therefore a direct indication of the 
amount of definition it is possible to produce in the subsequent 
reproduction. Nothing below about 180 lines is considered as 
high definition, but even 180 lines are not capable of bringing 
out the half-tone values in any ordinary scene. 

Light to Electricity. Having found a means of scanning the 
picture or obtaining a light value which is instantaneously 
proportional to the tone value of the picture, the next link 
in the chain is that of converting this light into an electric 
voltage or current. How this can be done in a basic and 
elementary way is shown in Fig. 2. The illustration, Fig. 1, 


Fia. 1. Tuer DIviIsion oF A PICTURE 
INTO SEQUENTIAL LINES 
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is supposed to be transparent and might well be a section of a 
cinematograph film. The light source L, in the form of a point 
arranged to traverse the picture in a number of consecutive 
horizontal lines, is arranged on one side, and on the other is a 
device known as a photo-electric cell. 


Essentially a photo-electric cell is something which changes 
certain of its electrical properties under the influence of light. 


Photo cel! 


Amplitier 


Fic. 2. THE FUNDAMENTAL PRINCIPLE OF FILM SCANNING 


The conductivity or resistance of the cell may be affected by 
light, whilst another type of cell may actually generate minute 
voltages under the action of light. 

Luckily either the variation in resistance or the production 
of a minute voltage is substantially a direct function of the 
intensity or quantity of light falling upon it. If this cell is 
connected to an amplifier, as shown in Fig. 2, it necessarily 
follows that the output of the amplifier or magnifying device 
must at any instant be proportional to the amount of light 
which falls on the cell. This of course is determined by the 
amount of light from the spot which passes through the vary- 
ing tone regions of the translucent picture. In other words 
we have found a means whereby we can instantaneously 
convert a light value into a corresponding voltage. 

The elementary arrangement in Fig. 2 is actually a basis of 
one system of film scanning used in practical television. In 
Fig. 3 we have an elaboration of the fundamental idea of Fig. 2, 
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which shows the schematic arrangement followed by an ampli- 
fying and radiating or transmitting apparatus. The principle 
of scanning is as before, but instead of passing the light through 
the object a very powerful source is used and the light which 
affects the photo-cell is that which is reflected from the object. 
The voltages due to the varying light are amplified to an extent 
sufficient to enable them to modulate a radio-frequency oscil- 
lator unit which is the basis of an ordinary radio-transmitter. 


Scammer Amplifier Modulator 5.W Transmitter 


Fic. 3. THe ScHEMATIC ARRANGEMENT OF THE TRANSMITTING 
APPARATUS 


The modulated energy radiated by the aerial system is there- 
fore instantaneously proportional to the light value due to the 
scanning. 

It should be particularly pointed out that no attempt has 
been made to describe the actual scanning system or the nature 
of the photo-electric cell devices, as these methods have no 
bearing upon the problem of vision reception. It may be 
mentioned in passing, however, that the scanning of the 
picture can be carried out by two systems. In the first place 
the light spot can be made to traverse the picture by mechan- 
ical means, such as a source of light behind a disc containing 
a number of holes arranged so that as the disc rotates the 
light source through one hole moves across the picture, when 
it is followed by the next, until a complete scan is obtained. 
The other system, which is now universally adopted, makes 
use of what is generally called an electron camera. This consists 
essentially of a minute mosaic of photo-electric cells which are 
influenced by an electrically controlled cathode-ray spot 
similar in its nature and control to that used for reception 
purposes and described in a subsequent chapter. 
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Radio-frequency Transmission. We have now reached the 
stage where we must consider why high definition vision is 
transmitted on short wavelengths. As it is quite possible to 
modulate the output of a radio transmitter by the means 
described, there must obviously be some reason for using ultra- 
short wavelengths. <A little investigation soon shows why this 
is necessary. In radio telephony a carrier is modulated at 
frequencies up to the order of 10 000 cycles per sec. 

Let us consider for one moment what happens when we scan 
the object shown in Fig. 1. We might well divide the picture 
into 200 lines, and we might repeat the picture 50 times per 
second. Immediately it is seen that the line modulation fre- 
quency alone would be equivalent to 10 000 pulses per second. 
Each line of the picture, however, is composed of varying 
intensities of light and dark, and the change from one tone 
value to another will be accompanied by a change in carrier 
output. The rate of change of carrier output of a picture com- 
posed of fine detail will approach a figure of millions per 
second. 

It is immediately obvious that the frequency of transmission 
must be greater than the highest side-band or modulation 
frequency which is likely to occur. The frequency adopted 
for British television is of the order of 40 megacycles, the vision 
and accompanying sound transmissions actually being carried 
out on frequencies 45 Mc. and 41-5 Me. respectively. 

Short-wave Reception. The first requirement of any tele- 
vision receiver is therefore the ability to receive efficiently 
wavelengths of the order of 6 to 7 metres. Short-wave recep- 
tion technique is essentially different from that employed in 
dealing with medium and long wavelengths, that is, wave- 
lengths of the order of 200 to 2 000 metres. Whilst the funda- 
mental principles are the same, the most obvious difference is 
in the aerial system. The reception of broadcast telephony on 
wavelengths of the order of 200 metres upwards is carried out 
with an aerial of which the length or physical dimensions are 
but a small fraction of the wavelength employed. In the case 
of short-wave reception, the broadcast telephony aerial would 
be several times the wavelength of transmission. It is not 
proposed to discuss here the subject of short-wave aerials in 
detail, as fuller consideration is given in the next chapter. 
The short-wave aerial, usually a dipole, bears a definite rela- 
tion, so far as its physical dimensions are concerned, to the 

2—(T.97) 
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wavelength of transmission, and this aerial is connected by 
some form of feeder or transmission line to the receiver itself. 

_ The receiver may be either a straight amplifier, that is, one 
which amplifies at the frequency of reception, or it may be a 
superheterodyne. The fundamental scheme is shown in Fig. 4. 
This block shows schematically a frequency selective means in 
the form of a tuned circuit followed by an amplifier and then 
a demodulator. The amplifier simply amplifies the minute 


docreen 
Tuning Amplifier Demodulator 


Fig. 4. Toe ELEMENTS OF THE RECEIVING SYSTEM 


voltages obtained from the aerial and tuning system at the 
frequency of transmission, whilst the function of the demodu- 
lator is to produce pulsating voltages of varying magnitude. 
corresponding to the carrier amplitude variation, which is a 
function of the light value of the original picture. 

This arrangement is identical with an ordinary broadcast 
telephony receiver. There is, however, one very big difference 
and that lies in the amplifier. Normally circuits in a telephony 
receiver are arranged to be exceptionally selective, having a 
band-pass of something of the order of 10000 cycles. This 
means that they will deal equally with all frequencies from 
the carrier frequency to the carrier frequency plus 10 000 
cycles, which can be taken as the highest modulation frequency. 
In our vision receiver, however, we have to pass frequencies 
equivalent to the carrier frequency plus perhaps two, three, 
or even four million cycles. Providing our amplifier functions 
in this manner, the output from the demodulator will be truly 
representative of the original light variation in the picture 
which is transmitted. 

Voltage Variation as Light Variation. The next step is to 
utilize the voltage variation for obtaining in some way a 
representative light variation. Two systems are possible. 
In the first place we can arrange a light source and cause the 
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voltage variation to alter the intensity by means of some form 
of light valve. The other scheme is that of causing the varying 
voltage actually to produce a source of light. The most satis- 
factory apparatus which functions in this manner is a cathode- 
ray tube, and it is with cathode tube technique that we are 
primarily concerned. 

The Cathode Tube. Certain chemicals when influenced by 
electronic bombardment fluoresce, and the electronic stream 


Cathode 
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Fluorescent screen 
Fig. 5. SHOWING THE ESSENTIAL PARTS OF THE CATHODE TUBE 


capable of producing the necessary bombardment is easily 
controlled by a voltage. This is the fundamental principle of 
the cathode-ray tube. 

It consists of a heated cathode which is capable of producing 
copious electronic emission. The cathode is mounted at the 
end of the neck of the tube, which is generally. conical, and 
terminates in a large screen or substantially flat portion which 
may be anything from 12 inches to 24 inches in diameter. By 
suitably associated electrodes connected to a requisite voltage, 
the electronic emission is shot forward at high velocity until 
it impinges on the end of the tube. 

Other electrodes are used, however, by means of which the 
beam can be focused in a similar manner to a beam of light. 
The end of the tube is coated with a chemical deposit which 
will fluoresce under electronic bombardment. The focusing of 
the electron beam so that it hits the screen in the form of a 
small pin point or spot is accomplished entirely by the design 
and disposition of the electrodes, and the various voltages 
which are applied to them with respect to the cathode. The 
arrangement is shown fundamentally in Fig. 5. 

The intensity of the electronic beam can be controlled by 
applying a voltage to an associated grid which is very similar 
in its function to the grid of an ordinary thermionic valve, 
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The higher the potential of the grid with respect to the cathode, 
the greater is the intensity of the anode or beam current. The 
greater the number of electrons which strike the screen, the 
oreater is the fluorescence. Here we see a very simple means 
of producing a light variation which is in sympathy with the 
voltage variation derived from the output of the receiver. An 
important point to remember is that the cathode tube func- 
tions instantaneously, as electronic movement is substantially 
without inertia. 


Fic. 6. SHOWING THE PRODUCTION OF THE RASTER, OR LINE 
FoRMATION ON THE CATHODE SCREEN BY THE VARIOUS ELECTRODES 


The Raster. The cathode tube, however, has to perform 
yet another function, namely, that of causing the spot to 
traverse the screen in sympathy with the scanning spot at the 
transmitter. The electronic beam can be controlled either by — 
electrostatic or electromagnetic means. An electrostatic tube 
which is shown in Fig. 6 contains two pairs of deflection elec- 
trodes. A voltage produced between the horizontal pair of 
plates will cause the spot to rise or fall vertically depending 
upon the magnitude and direction of the voltage. Similarly 
a voltage produced between the vertical plates will cause the 
spot to move in a horizontal plane. The necessary voltages 
for producing the spot deflection in two directions are obtained 
from what is known as a time base, a device which is described 
in great detail in Chapter V. The function of the time base is to 
produce a voltage which increases linearly with time, so that 
the spot will traverse the screen at a constant speed. When the 
spot reaches the end of the screen the voltage is automatically 
reduced to zero, when it commences to build again. The spot 
therefore travels, for example, from left to right, at a constant 
speed being instantaneously extinguished at the end of its 
traverse and recommencing immediately. 
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Two such scanning systems are provided and are connected 
to the pairs of plates X and Y in Fig. 6, so that the spot will 
move from left to right and from top to bottom. The traverse 
from left to right will scan the picture in a similar manner to 
the transmitting scanning spot, whilst the traverse from top 
to bottom will cause the whole set of lines to repeat so many 
times per second provided that suitable speeds are used. The | 
voltages applied to the deflection plates will have no effect 
upon the intensity of the spot. When a cathode tube is in 
operation without any applied signal voltage it is possible to 
adjust various controls so that a mesh of horizontal lines is 
seen on the screen. This mesh is known as the raster. 

Synchronizing. We see therefore that if we apply varying 
voltages to the control grid of our tube, we shall be able to 
vary the intensity of the spot, as it traces out the raster. We 
shall therefore obtain an identical reproduction of the original 
picture provided our scan is completely synchronized with the 
scan at the transmitter. The synchronism has to be very 
precise and inaccuracies of the order of a few microseconds 
will completely spoil the picture. It is impossible to adjust 
the raster accurately at the receiver, and even if the precise 
speed of the spot could be obtained this would be quite useless 
unless some means could be found for causing the traverse to 
start at the identical moment it starts at the transmitter. 
Accordingly, the speeds are made approximately correct and 
the raster is controlled by the synchronizing impulses sent out 
from the transmitter. There are two pulses, one for the line 
scan and the other for the frame scan. 

When the first line of the picture is scanned at the trans- 
mitter there is a very short interval during which the line 
synchronizing signal is transmitted. This line synchronizing 
signal controls the time base at the receiver, which causes the 
spot to move from left to right across the screen. Actually 
about 15 per cent of a line in the scanned picture is utilized 
for this purpose. When the complete picture has been scanned 
once, a longer interval occurs before the next scanning takes 
place. This interval is used for transmitting a frame or picture 
impulse which controls the time-base producing the vertical 
scan. Some ten to twelve lines are normally suppressed for this 
purpose. In the Marconi E.M.I. system of British television 
transmission a particular type of interlaced scanning is used 
which is described elsewhere, but the basic principle is the same. 
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It will be understood that during the transmission of the 
synchronizing impulses the picture scan is suppressed, and 
the screen is perfectly dark whilst the impulses occur. Accord- 
ingly, these impulses have no effect upon the received picture. 
It may be wondered how this occurs when it has been very 
clearly stated the intensity of the spot is controlled by the 
received signal strength. This should be clearly understood 
from an examination of Fig. 7, and a complete understanding 


White 100% 


Black 307, 


dynch. 0 


Fig. 7. ONLY 70 PER CENT, FROM 30 PER CENT TO 100 PER CENT, 
is UsED FOR VISION TRANSMISSION, THE REMAINDER BEING 
EMPLOYED FOR SYCHRONIZING 


of this is essential if a proper appreciation of the various 
problems which arise is to be obtained. 

In radio-telephony transmission, there is a mean average 
carrier value, the instantaneous value of the carrier rising and 
falling in sympathy with the frequency of modulation. In a 
vision transmission only a certain proportion of the carrier 
amplitudes are used for modulation. Approximately 70 per 


cent is used, and between these limits the full modulation — 


occurs from complete black to maximum white. The remaining 
30 per cent, that is, from zero carrier to 30 per cent, is used 
for synchronizing purposes. The cathode tube arrangement is 
adjusted so that the screen is just black when a signal is ob- 
tained which is representative of 30 per cent carrier value. 
It should be clearly seen therefore that since the synchronizing 
impulses occur at carrier values below the black level, any- 
thing which happens in what is known as the “blacker than 
black”? zone can have no visual effect upon the cathode tube 
screen. Special circuits are used which differentiate not be- 
tween frequencies but between carrier amplitude, and in this 
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way the effects of the synchronizing impulses are separated 
from the vision impulses. 

Rebuilding the Picture. Before considering in detail the 
function and necessary design of the various components of 
the reception equipment, it will be advisable to summarize 
what occurs in each element of the receiver. 

We commence with a special short-wave aerial which 1s 
connected to the receiver through a transmission line. The 
receiver has a wide acceptance band capable of dealing with 
modulation frequencies extending up to perhaps 2 Mc. on 
either side of the carrier, or a total band acceptance of 4 Mc. 
The output of the amplifier is demodulated in the ordinary 
manner, and is applied either directly or with magnification 
to the control grid of the cathode tube. 

By applying suitable voltages to the electrodes in the tube 
a pin point spot is obtained on a fluorescent screen. Deflection 
electrodes or deflection coils exterior to the tube cause the 
spot to traverse the tube in two directions, whereby a raster 
is obtained. The raster is derived from the voltage output of 
a double time base unit, which is under the control of syn- 
chronizing impulses from the transmitter. Substantially 30 
per cent of the transmitted carrier value represents black on 
the picture, and peak carrier or 100 per cent represents maxi- 
mum white. Voltage variation between these limits applied 
to the control grid of the cathode tube therefore produces a 
corresponding and proportional change in the beam current 
and results in variation of spot intensity. 

Carrier variation between 0 and 30 per cent occurs at. the 
end of each line for controlling the line scan, and similar varia- 
tions occur between each complete scan of the picture so as 
to control the frame or picture scan whereby a given number 
of pictures per second is obtained. The time bases are adjusted 
so that they run at nearly the correct speed of the two scans, 
and the synchronizing impulses control them so that the line 
and frame scans commence at the identical moment that they 
occur at the transmitter. In this way a complete reproduction 
or rebuild of the original picture is obtained. 


CHAPTER II 
AERIAL SYSTEMS 


THE greater the distance from the transmitter, the more im- 
portant is the necessity for an efficient aerial system. It was 
originally expected that the efficiency of the Alexandra Palace 
transmitter working on 6:6 metres would fall off very con- 
siderably beyond a minimum distance of 25 to 30 miles. It was 
assumed that the effective range would tend towards the 
optical limit. Observation on the Alexandra Palace trans- 
mitter has shown that a useful signal strength can be obtained 
at far greater distances. Owing to the appreciable amplification 
which is necessary in a vision receiver, it is very obvious that 
a good field strength is necessary, because otherwise the signal 
to noise ratio may become excessive. Accordingly, it is well to 
consider how we can arrange the most efficient aerial. 

The Dipole. There are two simple forms of short-wave 
aerial which are generally employed. These are a vertical 
dipole, and a doublet or horizontal dipole. Experience shows 
that the most suitable aerial is some form of vertical dipole. 
A dipole will be very inefficient unless it is cut to the correct 
length. Basically there is no difference between a transmitting 
and receiving aerial except that the transmitting aerial has to 
deal with far heavier current. Accordingly, we can consider 
the aerial from either standpoint, and any conclusions derived 
from the optimum conditions of the transmission aerial will 
be suitable for the receiving aerial. If we consider the case of 
a vertical aerial such as that shown in Fig. 8, and if we energize 
it at its base from a source F’, we shall obtain some dimension 
which will give a resonance when the current at the base will 
be a maximum. 

Actually we shall obtain a current and voltage distribution 
along the wire as indicated by the lines J and E respectively. 
The distribution will occur when the length of the wire is 
approximately one-quarter of the wavelength at which it is 
excited. Owing to the non-uniform distribution of inductance 
and capacitance the length is rather less than one-quarter 
wavelength. Somewhat similar conditions arise when the length 
of wire is either a half or three-quarters of the wavelength at 
which it is excited. 
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An aerial which is a sub-multiple of the wavelength may be 
used either vertically or horizontally. When used horizontally, 
it is general to use a doublet consisting of two horizontal 
quarter-wave aerials connected to a feeder. The horizontal 
system, however, is highly directional and is very rarely suit- 
able for domestic use. The main axis has to be at right angles 
to the direction of propagation for maximum efficiency, and 
erection in this direction frequently presents difficulties. The 
horizontal arrangement has certain advan- 
tages. It is claimed that it has a better 
signal-to-interference ratio,as much interfer- 
ence is considered to be vertically polarized. s 
In addition the doublet type of aerial will | 
give better results on a wider band of / 
frequencies. 

The Alexandra Palace transmitter works 
with a vertical aerial system and it appears 
to be generally accepted that the vertical 
aerial is the most suitable for symmetrical 
radiation. We can therefore confine our 
attention to this type of aerial. Bo 

As high-frequency currents are confined Fic. 8. CuRRENT 
to the skin of the conductor, this must be AND See 
carefully borne in mind when designing the  Vxrrican ArrraL 
actual aerial. The material used for the 
quarter-wave conductor should be one which has a low skin 
resistance. It is essential to avoid anything in the nature of 
tinned copper. 

Theoretically, a high-conductivity polished copper con- 
ductor with a protecting surface is found desirable. This 
actually forms a very convenient method of making a perfectly 
practical aerial. The conductor is best supported on good 
quality insulators with a long leakage path somewhere near 
the base. Fig. 9 shows a suitable arrangement for a half-wave 
vertical dipole making use of two quarter-wave conductors. 

Transmission Lines. When receiving wavelengths of the 
order of 200 metres upwards, the down lead which forms part 
of the receiving aerial is connected directly to the receiver. 
It has been shown that for efficient reception a sub-multiple 
wavelength aerial is required, which means that the aerial 
cannot be connected directly to the receiver unless the field 
strength from the transmitter is of the required value in the 
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room in which the receiver is to be used. Normally the aerial 
is mounted in the open and at the maximum possible height. 
The connecting link between the aerial and the receiver is 
known as a feeder or transmission line. 

It is important to obtain the correct idea of the purpose and 
manner in which the transmission line actually functions. 
One very simple idea is to regard it more as a guiding channel 
for wave energy than as part 
of a link in an ordinary 
electric circuit. A perfect 
line should therefore be one 
which carries energy in one 
direction without reflection 
at the end. Accordingly, no 
standing waves will be pro- 
duced on the line, and if we 
had no resistive component — 
and no dielectric loss and if 
the transfer were to be at the 
same speed as the velocity of 
light, then the transmission 
line would be 100 per cent 

= efficient. Both the dipole 

1a. 9. THE ARRANGEMENT OF A , ~ me 
Matic DiPOLE aerial and the transmission 
line have some characteristic 
impedance, and it is well known that the maximum transfer 
of energy is only obtained in any electrical circuit when 
operating impedances are matched. It is very important, 
therefore, to use a transmission line which correctly matches 
the aerial. It can be shown that the impedance of a quarter- 
wave aerial illustrated in Fig. 8 is of the order of 35 ohms, 
whilst the half-wave aerial in Fig. 9 has an impedance of the 
order of 70 ohms. The surge impedance of a transmission 
line to work with these aerials should obviously have a value 
of the same order. 

Co-axial Cables. One form of feeder now commonly em- 
ployed is the co-axial cable. This comprises essentially two 
conductors, one completely surrounding the other and spaced 
apart and insulated from it. The central conductor is usually 
a heavy section copper wire whilst the outer conductor is com- 
posed of a number of copper strips laid side by side, taped into 
position, and encased in lead. A similar form of construction 
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is used for smaller co-axial cables such as those used with 
reception. dipoles. Co-axial cables of the former type are 
employed for many purposes in general transference of high 


frequency energy. It can be shown that the correct terminating 
impedance of a concentric feeder is a pure resistance such that 


tA CEL) 
It follows from this that the length of the feeder has no 
effect upon the characteristic impedance. Working out the 


expression 4/(L/C) we know that the inductance per centi- 
metre is equal to 


2 log, (ro/71) : ; . (e.m. units) 
where 7, = outer radius of inner conductor 
and rr, = inner radius of outer conductor. 


The capacitance per centimetre is equal to 
it 
2 log, (2/71) 
from which it is found that the resistance is equal to 


138 logy (72/71). 


In the present case we require a feeder with a characteristic 
impedance of 70 ohms if it is to be used with the vertical 
half-wave aerial, or 35 ohms if it is to be used with the single 
quarter-wave vertical aerial. It will be seen by calculation 
that an impedance of 70 ohms is given when the ratio of the 
_diameters of the inner and outer conductors is just over 3 to 
1, whilst 35 ohms is given by approximately 1-5 to 1. 

Mismatch is a very important factor, and when signal 
strength is low every effort should be made to secure the best 
possible matching between the aerial and the receiver. It 
will be apparent that mismatch will be far more disastrous 
than pure resistive and dielectric losses in the feeder, because 
the mismatch is a constant error irrespective of length, whilst 
resistive and dielectric losses are proportional to the length of 
the line used. As this is not likely to be particularly great, 
these losses will not prove such a serious factor as might be 
imagined. On the other hand, it is not to be assumed that 
liberties can be taken. 

Parallel Wire Feeders. A parallel wire feeder functions in a 
similar manner to the co-axial feeder. Here the impedance is 


(e.s. units) 
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a logarithmic function of the ratio of the distance between the 
centres of the wires and the radius of the wires. The charac- 
teristic impedance is derived similarly and it will be found 
to be 

276 logy (D/r) 


where D = distance between conductors 
and r = radius of conductors, 


It can be shown by calculation that in order to derive an 
impedance of the order of 70 ohms the ratio D/r is quite small, 
something under 2 to 1. It follows that great difficulty will be 
experienced in producing a parallel wire feeder with an im- 
pedance as low as 35 ohms, and accordingly if the direct 
quarter-wave aerial is employed it is essential to use a co-axial 
feeder. A parallel wire feeder is far simpler to produce than 
a co-axial, and by employing reasonably low-loss insulating 
materials it is not a difficult matter to produce a feeder line 
having a loss of the order of 2db. with a reasonable length 
such as might be necessary between a reception dipole and a 
vision receiver. Another form of parallel feeder is the twisted 
pair similar to ordinary electric light flexible wire. This, how- 
ever, has a totally unsuitable impedance and quite high losses. 
The use of such a feeder in preference to a correctly designed 
transmission line may mean all the difference between success- 
ful reception and practically invisible pictures. 

Location of Aerials. The importance of an efficient aerial 
cannot be overstressed. Where the signal strength is low, every 
endeavour should be made to place the aerial as high as possible. 
When the aerial is somewhere near the limit of range of the 
transmitter, every foot in increased height counts. The pres- 
ence of very tall trees or high buildings, particularly those of 
modern steel construction, may have a very marked screening 
effect, and wide variation of signal strength over a small 
locality is not unusual, owing to local screening effects of the 
type mentioned. 

Reflectors. The efficiency of an aerial can be appreciably 
improved by the use of a reflector. A reflector consists of a 
conductor or element similar to that of the aerial itself placed 
directly behind it in the line of transmission and spaced at a 
critical distance. 

A reflector system is shown in Fig. 10, the arrangement being 
in perspective. It comprises two quarter-wave units spaced 


AERIAL SYSTEMS 19 


quarter-wave from a half-wave reflector. This figure also 
shows a suitable means for connecting the feeder to the aerial. 
It will be observed that this is taken away at right angles at 
the centre of the two quarter-wave elements, being con- 
veniently supported on a non-conductive rod. The reflector 


Fic. 10. A WoopEN FRAME SUPPORTS A VERTICAL QUARTER- 
WAVE DIPOLE AND A HALF-WAVE REFLECTOR 


is constructed in an exactly similar manner to that used for 
the aerial conductors themselves. 

Feeder Location. As theoretically there are no standing 
waves on a correctly terminated line, no particular precautions 
are necessary and the feeder can be taken direct to the receiver 
by the most convenient route. It is far more important, how- 
ever, to see that it is not taken directly near the output of the 
receiver as there might possibly be sufficient feed-back trouble 
to give instability in the receiver, although with careful design 
this should not be very general. Although the feeder is sub- 
stantially a symmetrical arrangement, and might appear to be 
immune from interference trouble itself, the connection of the 
feeder to the input of the set is most important. 

Short-wave receivers are particularly susceptible to inter- 
ference from car ignition systems as well as motor commutators, 
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and this form of interference can be introduced in two ways. 
In the first place the interference itself may produce very 
strongly vertically polarized waves which will affect the 
reception aerial and will be passed on to the receiver. 
Interference may also occur on the transmission line whether 
it is of the concentric type or parallel wire. At frequencies of 
the order of 40 Mc., stray capacitances play an important part. 
Differences in potential occur over quite small distances on 
what might be assumed to be equi- 


potential earthed areas. Finally, 
standing waves may be set up on a 
co-axial cable, and these three factors 
oe . all tend to make the interference 
Electrostatic 
screen problem worse. 
== Considerable increase in signal-to- 
ial Laan Dee noise ratio can be obtained by con- 


STATICALLY ScREENED necting the feeder to the set through 
Beer tee is USED —_ a screened transformer. This is shown 
ETWEEN THE TRANS- : 2 i 
ero a rr in Fig. 11 and of course is comparable 
RECEIVER with ordinary screened aerial system 
practice. The screen conveniently 
takes the form of an incomplete turn of copper strip with the 
ends adjacent but not quite touching, the copper being earthed. 
It is most important to make quite sure that the introduction 
of this arrangement does not upset the matching of the line to 
the input of the set. 

Aerial Efficiency. It should be clearly understood that the 
subject of aerials and transmission lines has been considered 
only in a very elementary form. As the aerial system plays 
such an important part in successful vision reception, the 
reader who is not too familiar with the subject would do 
well to consider it in far greater detail by reference to recent 
literature dealing specifically with the subject. At the present 
time the number of commercial feeder lines and co-axial cables 
which are available is decidedly limited. The formulae given 
in the preceding pages can be used for the design of suitable 
cables. The question of losses and propagation constants are 
not of vital importance in short lengths of line, but these 
matters should be duly considered when undertaking the 
design of a feeder. 

The efficiency of a half-wave vertical dipole falls off very 
considerably as a departure is made from the wavelength at 
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which it is designed to operate. It must be appreciated that 
the dipole must also be used for the sound transmission which 
accompanies the vision transmission. We have to decide 
therefore whether to make the aerial a compromise or whether 
to adjust it for one frequency or the other. Whilst a com- 
promise may seem the correct procedure the author is of the 
opinion that adjustment to the vision frequency is to be 
preferred. 

The greater the voltage applied to the input of the vision 
amplifier, the easier becomes the problem of reception. More- 
over, a sound receiver generally has plenty of reserve ampli- 
fication, and accordingly a little loss in signal strength is of no 
importance. 


CHAPTER III 
SIGNAL AMPLIFICATION 


In the reception of short-wave vision signals use can be made 
either of a tuned radio-frequency amplifier or a superhetero- 
dyne. Both systems have their respective advantages and dis- 
advantages. Our technique is not sufficiently advanced and 
it is based upon too short an experience to enable us to be 
dogmatic. Accordingly, both systems are discussed in detail 
from various angles, and it simply rests with the reader to 
adopt whichever he may consider the better. 

Circuit Components. The reception of short-wave signals is 
no different from reception of those at lower frequencies in so 
far as our frequency determining means are concerned. Tuning 
is carried out by resonant circuits, invariably parallel induct- 
ance and capacitance combinations. It is important to bear 
in mind, when considering any aspect of tuned circuits for 
vision purposes, that the band width must be much greater 
for vision purposes than that of an ordinary sound broadcast 
receiver. Normally we aim at a high dynamic resistance for 
the resonant circuit so that our gain and selectivity are in- 
creased. It is obvious that efficient circuits are not required 
in any part of the vision receiver. We are quite justified in 
saying, therefore, that the actual inductance and capacitance 
combination is not very important. This statement alone will 
be open to serious criticism because it is also obvious from 
first principles that the L/C ratio employed determines the 
magnification and band response of any tuned circuit, and 
therefore this cannot be selected in an arbitrary or haphazard 
manner. It is necessary to point out that factors such as dielec- 
tric losses play a far greater part in determining the constants 
of a tuned circuit at frequencies of the order of 45 Mc. than 
they do at frequencies of a few megacycles. 

The all-important fact is that the tuned circuit must deal 
equally with frequencies over a very wide band, as otherwise 
detail will be lost owing to high modulation frequency 
attenuation. | 

We arrive at the very important conclusion that our tuned 
circuits must be comparatively inefficient. As the use of 
different types of coils and condensers results in widely different 
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resonance curves of the tuned circuits, it is unsafe to make a 
definite statement as to what is suitable and what should be 
avoided. The obvious solution of the difficulty is simply to 
measure the resonance curve. A highly efficient low-loss 
condenser and good quality coil with a low skin resistance 
will invariably give a very sharply tuned circuit. If such is 
used, the resonant circuit must be damped either by the in- 
clusion of a small series resistance or the use of a high value 
parallel resistance. 

The foregoing remarks may give the impression that any 
haphazard combination of any type of condenser and coil will 
be all that is required. Nothing is farther from the truth. 
The most important characteristic of the circuit is stability. 
It is quite easy to visualize what would occur if ten pre-set 
condensers were all to vary by appreciable and different 
amounts. The characteristic of an amplifier would be hope- 
lessly upset. A condenser which is mechanically stable and 
which has a good temperature coefficient is therefore highly 
desirable. The coil should have similar properties. The turns 
should be well anchored and connecting leads capable of move- 
ment or vibration should be very carefully avoided. Con- 
siderable use has been made of large diameter self-supporting 
coils of high efficiency, frequently silver plated to reduce the 
high-frequency resistance. There is obviously no need to use 
a coil of this type in vision reception. 

A small low-efficiency coil which is mechanically stable is, 
in the author’s opinion, a far better device. 

The most critical factor in the signal amplifier is undoubtedly 
the intervalve coupling device. Upon this component depends 
the whole frequency and phase characteristic of the amplifier. 
Distortionless vision is only obtained when both frequency 
and phase characteristics are correct. 

The matter of frequency characteristic would seem to be 
relatively simple, because it should be easy to design a coupling 
device from first principles which has the necessary band-pass. 
A standard form of band-pass filter is shown in Fig. 12(a) 
together with the approximate graphical representation of the 
characteristic. This characteristic is of the desired type as 
it has a flat top and a fairly rapid attenuation on both sides. 
It is only necessary to select the desired frequency band and 
the absolute values of the two limiting frequencies, in order 
to determine the values of the components of the filter. 

3—(T.97) 
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If f, and f, are the limiting frequencies and L,C, = LC, 


then 
DL, = R/a(fo—hi). 
Cy = (fo—fi)/47faf &. 
Ly = (fo— fi) Bl 4th fe- 
Cy = Ifalf,— fi) £. 
Applying these formulae to a practical case we find that the 
values for Z and C in the two elements of the filter give values 
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Fig. 12. Two Forms or BAnp Pass CouPLING DEVICES WITH 
FREQUENCY CHARACTERISTICS 


of widely different magnitude. Moreover, in order to obtain 
reasonable values for C, it is necessary to employ terminating 
impedances which are not well suited to the desired amplifying 
conditions. It is also possible the phase characteristic might. 
not be suitable. 

- Accordingly it seems preferable to obtain the desired char- 
acteristic by some other means instead of using a standard 
wave filter. We are considering the subject from an engineering 
angle and any conclusions arrived at must be capable of trans- 
lation into an entirely practical entity. Resonant circuits seem 
to offer quite simple possible solutions provided we can control 
the coupling and decrement. 

Coupled Circuits. Previously we have considered the case 
of a single parallel resonant circuit. A circuit of this type 
might be used as the input to the first valve of a receiver. It 
is well to consider therefore how we can employ a number of 
resonant circuits throughout a complete amplifying chain. 
We can either continue the amplification at the frequency of 
reception or we can change the frequency by the super- 
heterodyne principle. A very convenient method of obtaining 
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a wider band spread is to use a pair of coupled circuits. When 
both circuits are tuned to the same resonant frequency, and 
when optimum coupling is employed we obtain a resonance 
curve which has a flat top. If that coupling is increased, then 
humps may easily be assymmetric. The extent of the flat top 
and sharpness of the hump and the angle of inclination of the 
sides of the resonance curve and the skirt width at the base 
depend upon the decrement of the two circuits. A pair of 
coupled circuits, therefore, provide a very convenient means 
of obtaining a band-pass over a given width or band of modu- 
lation frequencies. The form of resonance curve which this 
gives is shown in Fig. 12(b). It is very apparent that in order 
to obtain sufficient band width the decrement of the circuits 
must be high and the effective resistance low. Accordingly, 
the gain in the amplifier will be correspondingly reduced. The 
stage gain will be equal to 


R,R, 
Te 


where g =conductance; &,= valve impedance; £&, = 
dynamic resistance of load; and K = coupling factor. 
_ We know that our load impedance must be low, and it there- 
fore follows that if useful amplification is to be obtained, we 
want a valve with a high magnification factor and the best 
possible mutual conductance. This is the only way in which 
we can bring up the magnification since it is impossible to 
increase the effective load resistance without loss of side-bands. 
As we are dealing with very high frequencies and a con- 
siderable number of stages, owing to the low magnification 
per stage, we obviously require a valve with a very low grid- 
to-anode capacitance, a high magnification, and a good con- 
ductance. The most suitable form of valve is the screened 
radio-frequency pentode and one which is very extensively 
used for vision amplification is the Mullard TSP4. This is a 
screened radio-frequency pentode specially designed for vision 
purposes. In spite of the high mutual conductance—which 
is 4-73—we obtain in practice a stage gain of anything of the 
order of about 5 to 8, dependent upon the frequency adopted 
and the band width which is passed by the amplifier. 
Intermediate Amplification. If the received frequency is 
converted by the superheterodyne principle to an intermediate 
frequency, there is no departure from the necessary amplifier 
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characteristics already mentioned. It is easy to see, of course, 
that we cannot easily employ as an intermediate frequency 
one which is lower than the highest modulation frequency 
which we desire to amplify. If we require a band width of, 
say, 4 Mc., then it does not appear practical to use without 
complication and difficulty an intermediate frequency much 
below 8 Mc. As the frequency of amplification can be selected 
to suit our own particular requirements, we can obviously 
consider alternative means of amplification. It has already 
been shown that we require a high conductance, high mag- 
nification valve with adequate screening. The anode load or 
intervalve coupling need not necessarily take the form of a 
resonant circuit network. It is well to consider the case of a 
plain resistive load. It has been shown that the stage gain is 
equal to 
ele, 
We toe 


If we were to use resistance coupling we might have an 
input from the next valve due to capacitance, of the order of 
10 to 15 wuF., which would be in shunt with the anode load. 

Now the impedance of such a capacitance, even at a few 
megacycles, is not very large, and it is very easy to see that 
the amplifier would have a definite marked frequency char- 
acteristic and a very low gain. Such an arrangement, therefore, 
does not seem very attractive. 

We may next consider the case of a reactive impedance 
coupling. Here again the input capacitance into which it must 
work owing to coupling to the next valve introduces a certain 
amount of trouble, but of a kind which is not nearly so bad. 
Practical use might even be made of this capacitance causing 
it to make the reactive impedance resonate slightly. An ar- 
rangement which has been used by certain investigators quite 
successfully consists of a combined reactive and non-reactive 
impedance load in the form of a resistance and a choke, with 
capacitance coupling to the next valve on the lines shown in 
Fig. 13. The chokes used have frequently been made to 
resonate slightly with a view to improving the amplification. 

Whilst theoretically a circuit of this form is quite justified, 
and by suitable design can be made to give a reasonable gain, 
probably of the order of about 3-5 to 4, the author does not 
favour such a coupling for repetition factory production. 
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When the capacitance component is supplied largely by the 
self-capacitance of the coil and the circuit capacitances which 
are set and incapable of variation, it is obvious that slight 
differences in various constructions or valve characteristics 


Fig. 13. CoMBINATION OF AN INDUCTANCE AND A RESISTANCE 
WITH CAPACITY COUPLING 


may quite well cause appreciable variation in the coupling 
characteristic. 

The intervalve coupling preferred by the author after con- 
siderable investigation and practical tests with other types is 
that shown in Fig. 14. It 
is preferred for a number 
of very definite reasons. In 
the first place each element 
consists of a parallel reson- 

: . . Fic. 14. DampED CoUPLED TUNED 
ant circult. It 18 easy to Circuits FoRM AN EFFECTIVE 
reproduce units of this form CouPLING 
with a predetermined 
mutual inductance and an accurately matched inductance of 
the respective coils. 

The network is tuned by variable parallel capacitances in 
the form of pre-set trimmers. Any slight variations in circuit 
capacities are therefore easily compensated by adjustment of 
the trimmers. Moreover, the use of a parallel damping resist- 
ance enables the decrement of the circuit to be adjusted very 
accurately and accordingly a very precise band-pass is obtained. 
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Reference will be made later to the effective frequency 
characteristic on the cathode screen image, but it may be 
mentioned at this stage that an increase in the high-frequency 
response is definitely desirable. We have seen from Fig. 12(6) 
that if the mutual coupling between the two coils of Fig. 14 
is increased, we tend to get a slight rise on both sides of the 
trough. By suitable adjustment of the decrement of the circuit 
due to the use of suitable parallel resistance and the use of 
the correct mutual inductance, it is easy to obtain a perfectly 
symmetrical curve, with a frequency characteristic which 
rises perhaps very slightly towards the higher modulation 
frequencies. 

This type of coupling has been used successfully by the 
author. Amplifiers built on these lines have proved capable 
of giving exceptionally good quality. Such an arrangement 
affords the designer plenty of scope for obtaining correction 
throughout the amplifier instead of in the output of the 
magnifying stage only as is more general. 

Phase Shift. Realizing that our modulation frequencies are 
proportional to light value, it might seem that a flat or sym- 
metrically corrected characteristic such as that suggested above 
is the only thing that matters in the amplifier. A little con- 
sideration will show that unless the phase conditions are 
correct, we cannot obtain faithful reproduction. Whatever 
may be the amplifier network, each valve has a capacitive 
component. We have ruled out as a useful possibility the 
application of a resistance amplifier, and accordingly we have 
in addition a reactive component in each coupling device we 
employ. 

Asymmetry in response due to either capacitive or induc- 
tive reactance is favourable to the introduction of a phase 
shift. It is for this reason that a perfectly flat curve or even 
response is desirable over the entire modulation band, which 
we wish to cover. In the author’s opinion it is not advisable 
for any but a highly skilled engineer to take liberties in the 
amplifier design, and a thorough appreciation of the problems 
introduced by phase shift is more than desirable. 

Screening. As the frequency of amplification rises, so does 
the problem of screening become more difficult. This is one 
of the points in favour of superheterodyne working where- 
by a lower frequency can be used through the amplifying 
chain. 
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Thin aluminium cans and a thin steel chassis are very success- 
ful with broadcast receivers. In vision amplification such 
materials may give rise to very considerable trouble and their 
use is certainly not recommended. A stout steel chassis and a 
thick aluminium screening can have proved quite satisfactory 
on an 8 Mc. amplifier, in conjunction with certain other tech- 
nique referred to later. If use is to be made of a higher inter- 
mediate frequency, it is quite possible that this would not 
prove satisfactory. In fact there is little advantage in using 
a very high intermediate frequency as we shall be likely to 
obtain very similar results to those given by a signal frequency 
amplifier. When a signal frequency amplifier is used, the 
screening must be very elaborate. A stout copper, or perhaps 
brass, chassis is essential. Tuned circuits must have heavy 
copper screening cases, and it is very rarely possible to work 
with unscreened valves. When working at an intermediate 
frequency, however, a metallized screened pentode such as a 
TSP4 functions quite satisfactorily without screening in many 
cases if considerable thought is given to the lay-out, but even 
then screens may be necessary. 

Amplifier Lay-out. Even when we have obtained the desired 
response characteristic of an intervalve coupling unit, there is 
little chance of the wave-form being maintained if the amplifier 
isin any way unstable. Stability depends upon several factors. 
These are (a) adequate decoupling, (b) effective screening, (c) low 
resistance earthing. 

The components of the decoupling circuits require careful 
consideration. The efficiency of a decoupling system depends 
upon the relative impedance of the resistive and capacitive 
components. For efficient decoupling the impedance of the 
condenser must be exceptionally low with relation to the 
impedance of the ohmic resistance at the operating frequency. 
One might be tempted, in order to obtain the best decoupling, 
to use a very large condenser. This reasoning is quite justified 
but unfortunately there are some practical considerations 
which completely alter the operating conditions. A large 
capacitance condenser of small size invariably consists of 
rolled paper and tin-foil. Now this type of condenser generally 
has quite an appreciable power factor and an inductive com- 
ponent, even if of the so-called non-inductive type. In order 
to obtain efficient decoupling at high frequencies it is necessary, 
therefore, to use a high quality condenser which has a very 
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high resistance and a good power factor. The impedance of a 
0-01 «F. condenser at 10 Mc. is approximately 1-5ohms. The 
impedance of a 0-1 wF. condenser would naturally be ten times 
smaller. This would appear to be the better condenser to use. 
Such a condenser, however, would necessarily be a paper tin- 
foil assembly which, it has been pointed out, is quite un- 
suitable. One is compelled to use, on account of cost and size, 
a condenser such as a 0:01 uF. flat mica type for decoupling. 
An effective impedance of the order of 1-5 ohms is of no import- 
ance in relation to the value of the decoupling resistance which 
may be anything of the order of 5 000 to 10 000 ohms, giving 
at the minimum something of the order of 3000 to 1. Con- 
densers of this type are therefore entirely satisfactory, and 
they can be used throughout the amplifier for any decoupling 
purposes. 

Adequate screening is simply obtained by the use of suffi- 
ciently thick metal in the chassis and screening can, and the 
use of screens on the valves if necessary. Provided sufficient 
thought is given to the design of the amplifier, and if the 
decoupling is arranged at the correct place, it is practically 
impossible to introduce trouble from the position of the remain- 
ing leads except those on the cathode circuit. These points, 
however, are considered very fully in Chapter VII, which 
deals with chassis design. 

The only remaining factor is that of earthing. In broadcast 
technique it is quite general to take an earth return to any 
point on the chassis, because even at frequencies of the order 
of 14 Mc., which is the highest broadcast frequency, any point 
on the chassis is more or less at the same potential, or at 
any rate of sufficiently low potential to give no feed-back 
trouble. 

With high frequencies this is not the case, and points of 
different potential occur over quite small areas. One of the 
easiest methods of overcoming this trouble is to use a very 
heavy earth bus-bar or a network of bus-bars, preferably not 
in the form of complete circuits, which are brought as near 
as possible to the ends of the decoupling condensers. It is 
rather difficult to be dogmatic or precise in saying just how 
earthing should be carried out, but it is well to remember one 
or two general rules. The earth bus-bar should be of low 
resistance, which is obtained by using a copper or brass strip ; 
of ample section, something of the order of 4 in. wide and 45 in. 
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thick, or alternatively a round section rod of equivalent section. 
The decoupling condensers should be taken by the shortest 
possible wire to this point. In one of the chassis designs men- 
tioned in Chapter VII, it will be found that the decoupling is 
arranged with the complete absence of connecting wires, a 
system which gives exceptionally good stability. 

When a coil is mounted in a copper can which gives excellent 
screening, it may not be sufficient merely to bolt this to the 
top of the chassis, and a separate heavy-section low resistance 
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earthing wire between the can and the main earth bus-bar 
may be found necessary. 

Component Positions. Component position is a matter of 
some considerable importance. In many experimental ampli- 
fiers a “head to tail’? sequence of valves has been used with 
the coupling components between them. 

Whilst this is an excellent scheme it is not altogether prac- 
tical, and it makes the design a difficult as well as expensive 
construction. A suitable amplifier arrangement is shown in 
Fig. 15. It comprises an alternative arrangement of valves 
and coupling units in line. This arrangement necessitates only 
quite a short screened lead between the coupling unit and the 
top grid cap of a valve. It should be pointed out that the 
presence of a short grid lead or even a fairly long one is a 
matter of little consequence. The lead need not even be of 
low capacitance or have low losses, because it is simply in 
shunt with a resonant circuit having high losses. This state- 
ment is made on the assumption that a network of the type 
shown in Fig. 14 is used, that is, a highly damped coupled 
circuit. An open-mesh screened lead is not satisfactory, and 
adequate screening is necessary particularly in the early stages 
of the amplifier. The use of a screened valve cap is also desir- 
able. In an amplifying network having a band-pass of less 
than 4 Mc., it is possible to obtain a considerably higher gain 
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per stage, and this means that the necessity for adequate 
screening is increased to a very great extent. With a stage 
gain of anything from about 5 to 8, no elaborate screening 
precautions appear to be necessary. 

Resistances used for anode, screen and cathode feeds are of 
importance as far as location is concerned, particularly in the 
valve network themselves. These should be arranged as near 
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Fic. 16. A Trriopk Hexopr FREQUENCY CHANGING CIRCUIT SUITABLE 
FOR HIGH-FREQUENCY OPERATION 


as possible to the points at which they operate so that leads 
of an appreciable length are completely eliminated. In the 
receiver design discussed later, it will be noticed that the whole 
amplifier is designed with a single earth bus-bar and a single 
h.t. bus-bar, when connection leads are practically completely 
absent. The various resistances are taken to their respective 
points directly from the two bus-bars. 

Frequency Changing. Superheterodyne reception necessitates 
frequency changing. This can be accomplished with either 
one of the special mixing valves, which have been designed 
for this purpose, or with the aid of a separate oscillating valve. 
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The difficulty with frequency conversion at high frequencies 
is the low conductance which is obtained. Compensation for 
a low conversion conductance is easily made by increasing the 
amplification, but the worst trouble is frequency drift. Both 
the octode and triode hexode are suitable for frequency chang- 
ing, the triode hexode being preferable on account of lower 
frequency drift. Fig. 16 gives a suitable circuit for a triode 
hexode converter. This is quite orthodox, but the values of 
the components play an important part in the conversion 
which is obtainable and also the stability. The network is a 
little different from that normally employed for broadcast 
frequencies. A low value grid leak and a small condenser tend 
to make the tuned circuit of the 
triode section less susceptible to 
variation in valve load. In order 
to obtain good stability the tuned 
circuit must be well designed. A 
modification shown in Fig. 17 of the 
basic arrangement tends to improve 
the stability. The coils are wound 
on a grooved ceramic former, and 
use is made of a nickel iron wire 

: Fie. 17. A PracticaL Form 
Pameaehas a very low temperature 4. Oscutaror NerwoRK 
coefficient. The added resistance is 
of little importance because the actual amount of wire is almost 
negligible. The circuit is tuned by the combination of a fixed and 
variable condenser. The fixed condenser is a silver deposit on 
a ceramic base, or alternatively silver on mica. ‘This condenser 
has an excellent temperature coefficient and is very stable. 
The variable condenser is a Vernier type with a fairly large 
distance between the plates, with the stator plate mounted 
so that there is no tendency for it to bend. A construction 
such as this gives the best possible stability as far as tempera- 
ture effects are concerned. The remainder of the drift is due 
to the valve, and the network illustrated represents a good 
compromise. 

In order to obtain a good conversion it is essential to produce 
sufficient heterodyne volts from the triode section, and heavy 
regeneration is generally necessary. This can be obtained by 
interwinding the anode and grid coils. The voltage produced 
can be computed by measuring the current which flows through 
the grid leak with the aid of a microammeter. The reading 


Vernier Condenser 


34 TELEVISION RECEPTION TECHNIQUE 


obtained should be compared with the makers’ rating for the 
valve and in this way a perfectly satisfactory oscillator circuit 
can be developed. 

Frequency Drift. It will be appreciated that frequency 
drift is not of such importance on the vision channel as on the 
sound, although bad drift on the vision channel should obvi- 
ously be avoided. If the frequency chosen for the sound 
channel is too low and if the band-pass is small, of the order 
of 10000 cycles, it follows that the sound receiver will be 
susceptible to very serious 
_ drift, a trouble which has 
been noticed in some com- 
mercial receivers. This 
point is dealt with when 
considering the sound 
amplifier. A separate 
oscillator which is prob- 
ably more stable than a 
mixing valve is shown in 
Fig. 18 and makes use of 
a screen-grid valve. The 
disadvantage of a circuit 
of this type lies in the 
possibility of obtaining 


insufficient voltage to 
Fia. 18. A TrRIopE OSCILLATOR CIRCUIT A a : 
oF Goop INHERENT STABILITY produce gooa conversion. . 


It consists of a screen- 
grid oscillator connected as shown, and the mixing is obtained 
by suppressor grid injection with a screened pentode. Where 
extreme stability is required another form of oscillator de- 
veloped by the author for another purpose some years back 
may be used, which consists of a pentode in which the normal 
control grid is given a very high negative bias so that the 
anode current is reduced to a very low value. The frequency 
determining circuit is connected in the anode, and regeneration 
is obtained from the screen circuit. This circuit is particularly 
immune from variation in cathode emission or variation of 
heater voltage. This is shown in Fig. 19. 

Double Conversion. It will be appreciated that in a vision 
receiver we have to provide two channels, one for vision and 
one for sound. If both these are received on a superheterodyne 
principle, there are two alternatives. We can use two distinct 
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receivers each with its own frequency changer, or we can use a 
single oscillator valve and employ this for double mixing. 
One such arrangement is shown in Fig. 20, in which it will be 
seen that a single mixing valve has a double anode load com- 
prising the primaries of two transformers, one for vision and 
the other for sound. A series connection is shown, but it should 
be understood that the best arrangement depends upon the 
actual frequencies used. This system is not considered in detail 
as it is felt other arrangements are preferable. 

The following is an example of 
how the frequencies may be separ- 
ated. Vision is transmitted on 
45 Mc. and sound on 41:5 Mc. If 
we chose an intermediate fre- 
quency of 8 Mc. for the vision, 
the frequency of our local oscil- 
lator might be adjusted to 45 
minus 8, which is 37 Mc. Assum- 
ing a more or less aperiodic input 
circuit to the mixing valve, we 
should have developed across the 
grid potentials due to both sound 
and vision channels. These com- 
bined with the 37 Mc. local oscil- 7 

: s : Ig. 19. STABLE OSCILLATOR 
meerecould give an intermediate sina 4 PENTODE WITH A 
frequency of 8 Mc. due to the -HianH Negative Bias on THE 
vision channel and 41-5 minus albecger mirceeec tne Sten 
37, that is 4:5 Mc. Our sound AND ANODE CIRcUITS 
if. amplifier would therefore be 
tuned to 4:5Mc. This is a frequency which is reasonably 
satisfactory in practice and is such that drift should not tend 
to give trouble if the remainder of the circuit is designed on 
the lines which have been previously mentioned. Another 
arrangement is shown in Fig. 21 and is a scheme preferred by 
the author. Here use is made of a mixing valve arranged to 
produce, for example, an 8 Mc. intermediate frequency due to 
the vision channel. The oscillator section is coupled to the 
suppressor grid of a screened pentode, the input of which is 
accurately tuned to the sound channel. This arrangement 
gives a higher voltage on the grid of the screened pentode 
from the sound signal, and a higher conversion conductance 
can generally be obtained. If desired, of course, the vision 
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Fic. 20. DousLEe I.F SELECTION WITH A SINGLE M1ixInGc VALVE 
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Fic. 21. Tuer OscrtLAtor SECTION OF THE MIxING VALVE IS 
COUPLED TO THE SUPPRESSOR GRID OF A SCREENED PENTODE 
EMPLOYED AS A FIRST DETECTOR FOR THE SOUND FREQUENCY 
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channel can be arranged on the same lines, when use can be 
made of a separate oscillator valve. 

Sound Intermediate Frequency Amplifiers. The design of a 
vision amplifier or coupling unit is determined by a number 
of factors which tend to operate in varying directions, and 
accordingly it must be a compromise. The lower the inter- 
mediate frequency, the easier is it to obtain an increased gain. 
It has been shown, however, that a low frequency is undesirable 
because of drift. If use is made of a common oscillator then the 
intermediate frequency of the sound is automatically deter- 
mined by the oscillator which is used for the vision channel. 
Adopting a frequency of the order of 4 to 5 Mc. enables a sound 
amplifier to be produced with quite a useful gain. 

In an ordinary broadcast receiver it is general to provide a 
band-pass coupling comprising coupled circuits with a flat 
band-pass of the order of 10 ke., which is adequate for high 
fidelity reproduction. We can design our sound receiver on 
exactly similar lines, but a little examination shows that it is 
not necessarily advisable to do so. If our oscillator is going 
to drift even for a matter of a few thousand cycles, the repro- 
duction will be very considerably spoilt. It is definitely desir- 
able therefore to use a much wider response than 10 000 cycles 
for the band-pass. A very useful characteristic can be obtained 
by using coupled circuits which are adjusted beyond the 
optimum value so that a double hump is produced. 

This is only permissible so long as the circuits are not too 
sharply tuned. The use of poor quality insulating materials 
may be quite sufficient to bring down the resistance of a circuit 
so that the side humps are not too pronounced. If necessary, 
the circuits can be loaded with quite high shunt resistances. 
The best operating conditions are again found by taking a 
resonance curve in the normal manner. 

An alternative is to use a tuned anode circuit with capacit- 
ance coupling to the grid of the next valve, using a circuit 
which is not too sharply tuned. 

Regeneration. In order to improve the amplification, use is 
frequently made of intentional regeneration in a receiver. 
Evidence of this is found in the manually controlled reaction 
of the early straight broadcast receiver and the pre-set reaction 
or regeneration in the intermediate amplifier of the broadcast 
set. Rather than introduce regeneration in a vision amplifier 
we should do exactly the reverse. The ideal condition is to 
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obtain a perfectly stable condition without any tendency for 
regeneration whatever. Under such conditions we obtain the 
maximum stage gain without introducing distortion. If re- 
generation is present, it will have a worse effect than might 
be imagined. The introduction of regeneration will obviously 
sharpen the response curve of the various coupling units, 
which means that the higher frequency response will fall. 
When regeneration is present it usually varies very considerably 
with the absolute voltage or mean voltage level occurring at 
the various grids of the valves throughout the amplifier. Un- 
stable regeneration is totally different in its effect from inten- 
tionally applied regeneration which only sharpens the response. 
Varying regeneration will produce a very peculiar effect on 
the screen. Quite apart from loss of detail, the picture tends 
to become ‘‘variably plastic.” Merely bringing the hand near 
the amplifier will generally modify the extent of this effect 
and is a very good indication of regeneration. 

Intervalve Units. It is desirable to consider at this stage 
the form which an intervalve unit should take. When operat- 
ing at signal frequencies it has already been pointed out that 
mechanical stability is desirable. If coupled circuits are em- 
ployed they may be tuned completely by a variable capacitance 
or with a combination of fixed and variable. The latter arrange- 
ment, similar to that used for the oscillator circuit, forms a 
very stable combination. The form in which the coils are made 
is not of very great importance. A multi-stage amplifier gives 
the designer ample scope, and the main portion may comprise 
pairs of coupled circuits, whilst single circuits may be employed 
for the input. Such circuits may be slightly off tune so that 
they tend to accentuate the high frequency input to the 
amplifier, but at the same time phase relationship must 
be carefully considered. The mode of operation of such an 
arrangement is indicated by the curves in Fig. 22. 

When using a low frequency for amplification, that is, on 
the superheterodyne principle, mechanical stability is not of 
such great importance as the frequency change, for a given 
temperature is much lower, and consequently the wave response 
is not appreciably disturbed. Fig. 23 shows a convenient 
form of coupled circuit assembly. This comprises two in- 
ductances, one on a small fixed tube and the other on a slightly 
larger movable tube. Both these are tuned by good mica or 
air dielectric trimmers and the coupling can be varied and 
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locked by cementing in position when the desired response is 
obtained. 

An impedance coupled amplifier which is particularly suitable 
for single side-band work may comprise an inductance and a 
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Fig. 22. THe HIGHER FREQUENCY RESPONSE OF AN AMPLIFIER 
Is INCREASED BY AN INPUT CIRCUIT WITH AN INVERSE 
CHARACTERISTIC 


resistance of almost any form simply mounted in a convenient 
screening can together with a coupling condenser and grid lead. 
The actual form of a complete amplifier, its characteristic and 
design, are dealt with in detail 
in Chapter VII. 

Amplification Control. Most 
radio-frequency amplifiers are 
provided with automatic 
volume control. This is > 
achieved by employing a vari- 
able conductance valve, the 
fe eeng bias of which. = Fig. 23. CONVENIENT FORM OF 
controlled by the negative (Cor ArrancemEnt ror AN LF. 
bias derived from the demodu- TRANSFORMER 
lator arranged at the end of 
the amplifying chain. This bias is a direct function of the 
mean carrier value. As in vision technique there is no mean 
carrier value; the carrier varying between 30 and 100 per cent, 
automatic volume control is immediately ruled out. So far 
there has been no necessity to compensate for varying field 
strength, and the only type of control necessary is one which 
varies the overall sensitivity of the set in a pre-set or manu- 
ally controlled manner. The most usual arrangement is to 
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vary the bias of the first amplifying valve following the fre- 
quency changer. Sometimes the control is applied to the 
frequency-changed valve, but this is not recommended as it 
tends to accentuate oscillator drift. Bete. 

It is possible, however, that the necessity for automatic 
control may arise, and several systems have been suggested 
for the purpose. Assuming that both the vision and sound 
carriers vary simultaneously, it has been suggested that the 
mean level of the sound carrier should be used for controlling 
the vision amplifier. This is quite successful if the two carriers 
do vary simultaneously. An arrangement operating entirely 
from the vision carrier, however, has been proposed by the 
author and is shown in Fig. 24. After demodulation the output 
of the receiver is taken through a filter which completely 
removes all the light modulation frequencies and even, if 
desired, the line synchronizing pulse. The frame synchronizing 
pulse voltage is selected and is taken to a rectifying and smooth- 
ing circuit comparable with that of an ordinary a.v.c. 
arrangement. 

This voltage is then used to control the gain of the amplifier 
in the normal manner. It will be obvious that the peak value 
of the synchronizing pulse is comparable with the peak value 
of a constant current modulated carrier, and in this way a 
perfect control is obtained. Where vision receivers are used 
in which the aerials are subject to variable intermittent screen- 
ing which might occur in large blocks of flats or hotels due to 
the movement of lifts, it is conceivable that an arrangement 
of this type may prove valuable. At the moment there is no 
evidence to show that any marked pulsating or rapidly varying 
change in the field strength has been noted. 

Demodulation Circuits. The characteristics of a cathode- 
ray tube are such that the output of a high-frequency amplifier 
can be applied directly to the tube and a rectification effect 
can be obtained. It can be shown that this is not efficient, 
whilst it is obvious that a very large voltage will be required 
in order to modulate the tube directly, at full brilliance. It is 
general therefore at least to use some form of external demodu- 
lator, whilst the output of this is very frequently amplified or 
magnified with a d.c. connection so that the d.c. component 
is maintained in true proportion. 

Realizing that the output of the amplifier is proportional 
to the picture brightness, a linear detector, such as a diode, 
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forms a very convenient demodulating arrangement. The 
output of the amplifier can therefore be taken to a demodula- 
tion circuit, as shown in Fig. 25. This comprises a single diode 
and a load resistance. If the design employed is capable of 
giving a large output, then the diode can be connected directly 
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Fic. 25. A Stneate DiopE Is USED AS THE DEMODULATOR 


to the control grid of the cathode-ray tube. In such circum- 
stances the efficiency of the arrangement is generally increased 
by using two diodes or a double diode as shown in Fig. 26. 

In a sound receiver the demodulation circuit is of the type 
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Fiq. 26. FuLL-wAVE RECTIFICATION BEFORE THE CATHODE TUBE 
This also assists the filtering problem 


shown in Fig. 25 Such a receiver, however, has to deal with 
frequencies up to about 10 000 cycles per sec. Under these con- 
ditions use is made of a comparatively high impedance diode 
and a diode load which may be of the order of + or $ MQ. 
Filter condensers of anything from 100 to 300 wuF. are used in 
conjunction with such a load. For vision purposes such 
an arrangement is totally unsuitable. Here we are dealing 
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with modulation frequencies of the order of perhaps 2 Mc. 
and obviously a standard network would be useless. 

Accordingly, the diode load must have a low value. This 
may be anything from about 1500 to 5000 ohms. The value 
chosen depends very largely upon the type of diode used for 
demodulation. A low capacitance, very low impedance diode 
is obviously very suitable for this purpose, and diodes of this 
type are now produced. The diode load condenser must also 
be very much smaller and it is determined by the impedance 
of the diode and the diode load. The value of this condenser 
obviously controls to a very large extent the nature of the 
appearance of the image on the screen. Those who prefer what 
may be termed a “‘soft” picture, will find that this effect can 
easily be obtained by increasing the diode load shunt con- 
denser. With representative diodes and loads of the order 
mentioned the value of this condenser usually falls somewhere 
between 30 and 50 wuF. following an i.f. amplifier. 

Demodulation Magnification. The sensitivity of a high 
vacuum cathode tube of the type now generally employed is 
such that anything from 10 to 30 volts are required for full 
modulation, depending upon the design of the tube, the latter 
voltages being more usual. This means that if this volt- 
age is to be derived directly from the demodulator, very 
considerable amplification is necessary in the receiver. 

The higher the absolute amplification in the set, the greater 
becomes the difficulty of screening and stability, because stray 
high-frequency currents are of very much greater value. It is 
for this reason that it is probably easier to work at a lower 
radio-frequency level and then magnify the output of the 
demodulator. The term “magnify” is particularly used in 
distinction from amplification. It has been shown that the true 
picture value is a function of the carrier value. This is some- 
times referred to as the d.c. light level. It is obvious that if 
proper reproduction is to be obtained, then the amplification 
of a pure pulsating variable voltage will not give the correct 
tone values because they are always with respect to a certain 
d.c. component. We must aim therefore at varying the voltage 
on the control grid of the tube so that it is instantaneously 
proportional to the demodulator output. This can only occur 
if use is made of a direct connection. A suitable circuit is 
shown in Fig. 27 which uses a single diode as a demodulator 
and a direct connection to the grid of a magnifying valve. 
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The operating conditions of this valve are very important. 
First of all we have to deal with frequencies of several mega- 
cycles, and therefore the possibility of oscillation is very great. 


Fie. 27. A STANDARD MAGNIFIER CIRCUIT IN WHICH THE 
DEMODULATOR IS D.C.-cOUPLED TO AN AMPLIFYING VALVE 


Accordingly, we must use a screened valve as otherwise the 
arrangement will be quite unstable. Moreover, we require the 
lowest possible grid-to-anode capacitance, and of course grid 


Anode current 
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Fig. 28. THE OPERATING Con- 
DITIONS AND CHARACTERISTIC 
CURVE OF A MAGNIFIER VALVE 


cathode capacity. The grid 
cathode capacitance works in 


~ parallel with the shunt capacti- 


tance across the diode load and 
this is therefore of no impor- 
tance provided the capacitance 
is reasonably low. It must be 
remembered that increased 
carrier value is required to pro- 
duce an increase in potential 
on the control grid of the 
cathode tube so that the beam 
current is intensified, which 
means that the increase in de- 
modulator output will cause 
the grid of the magnifying 


valve to become more negative and in turn the anode will 


become more positive. 


This is quite a convenient arrangement as it enables the 
control grid of the tube to be connected directly to the anode. 
At the same time the increase in negative voltage from the 
diode load will increase the negative potential on the grid of the 


magnifying valve. 
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This valve is not arranged to operate under normal con- 
ditions, that is with mid-point bias, as it only has to deal with 
grid voltages in a downward direction. Accordingly, the valve 
is biased at the point A shown in Fig. 28, that is, just before 
the upper bend of the characteristic. This, however, may 
introduce some trouble because in the no-signal condition no 
bias will be applied to the valve at all and it will take a very 
heavy current. Providing the curve is long enough, the valve 
can be given an initial bias so that the operating point is below 
the top bend. At black condition, which represents 30 per 
cent carrier, the operating point will then move down to B. 
Provided the distance from B to C represents the lowest work- 
ing limit, and it is not less than the change in voltage due to 
30 per cent to 100 per cent modulation, linear magnification 
will be obtained. 

The anode load of the valve must be considered very care- 
fully. Normally a screened valve such as a radio-frequency 
pentode which is suitable for the circuit in Fig. 27 will give 
a very appreciable amplification provided the anode load is 
optimum. An anode load of many hundred thousand ohms 
is completely ruled out because the frequency characteristic 
will be hopelessly spoiled owing to the shunt capacitances and 
the load of the cathode tube into which it works. A load resist- 
ance suitable for the arrangement in question is one having a 
value of something between 3500 and 5000 ohms, and is 
determined by a number of factors, and in particular the 
characteristic of the valve itself. The question of output load 
is considered in detail in connection with the design of a 
representative receiver in Chapter VII. 


CHAPTER IV 
CATHODE TUBE PRACTICE 


Iv was pointed out in Chapter I that the output of the recelver 
could produce light variation either by controlling an existing 
light source or by producing a local light source. We are here 
concerned only with cathode tube practice as applied to vision 
reception, and it is therefore not proposed to discuss systems 
that operate by virtue of a light source and a Kerr cell or a 
similar arrangement. 

Cathode tubes are divided into two classes, the soft tube in 
which there is residual gas, and the hard or high vacuum tube. 
The latter is now universally employed for television purposes. 
The cathode-ray tube is fitted with a heated cathode which 
will give electronic emission. The electrons are shot forward at 
high velocity and are concentrated into a very narrow pencil 
or beam when they impinge upon a chemically treated screen. 
This screen takes the form of the end of a conical tube made 
of quite thick glass. The inside surface is coated with a mixture 
of various chemicals. The chemicals employed include sub- 
stances such as mineral salts, in the form of sulphides or com- 
pounds such as silicates, Suitable mixtures will produce a 
substantially white fluorescence when bombarded by the 
electronic stream. The light generally assumes either a blueish 
or greenish white tone, but a sepia white can also be produced, 
the half tones tending to be more sepia than the full white. 

If a body charged positively with respect to a heated filament 
or the like which becomes a cathode, is arranged adjacent to 
the cathode, then an electronic current is produced. The 
negatively charged electrons emitted from the heated cathode 
are attracted by the positively charged body or anode. This 
is the fundamental conception of electronics as it is applied 
in the modern thermionic valve. 

In a cathode-ray tube the whole process is somewhat differ- 
ent. In addition to the simple heated cathode, and the posi- 
tively charged anode which tends to produce an electronic 
current, there are other electrodes, and other conditions exist 
which play a very important part. The higher the voltage 
on the anode, the greater is the speed of the electrons. The 
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negatively charged stream of electrons can be guided and 
focused by the introduction of suitably disposed and suitably 
shaped electrodes. 

The electronic stream can be regarded in the manner of a 
beam of light. Light can be focused and controlled by passing 
it through suitable lenses. Similarly it 
is possible to control the electron current 
in such a manner that it can be focused, Fluorescent screen 
directed, and bent or displaced in the 
manner of a lever. In fact, the analogy 
with light is so similar that the expres- 
sion “electron optics” is now general. 

The electronic stream being composed 
of minute negatively-charged particles, 
has substantially no inertia, and, accord- 
ingly, if means can be devised for causing 
the beam to bend or pivot about some 
point, it will do so instantaneously, and 
with no lag owing to the zero inertia. 
Accordingly, the beam provides an ex- 
ceptionally convenient device respon- 
sive to the very high frequencies which 
it has been shown are produced in a 
television transmission system. 

In cathode tubes used for television 
purposes use is generally made of three 


; Fic. 29. THE 
anodes, but two anode tubes also exist. frecrropz AssEMBLY 


Fig. 29 shows schematically the electrode __ oF 4 THREE-ANODE 


ELECTROSTATIC CATHODE 


arrangement of a three-anode hard Toes 


vacuum cathode tube of the electro- 
static type, whilst a photograph of a representative two-anode 
tube in which the electrode construction can be clearly seen is 
shown in Fig. 30. Many different types of tubes are employed 
and wide variations will be found in size, shape, and disposition 
of the various electrodes, but fundamentally they all operate 
on the same principle. It is not proposed to discuss here the 
electron optics of the cathode-ray tube, but merely to consider 
the manner in which the various types of cathode tubes should 
be arranged and adjusted for optimum operating conditions. 
In the three-anode tube, the third or last anode is operated 
at the highest voltage, the first and second anodes operating 
at much lower values. The grid or control electrode which 
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is adjacent to the cathode operates at a negative potential 
with respect to the cathode. The spot on the fluorescent screen 
can only be focused to minimum size which will give a clear 
image when there is a definite relation between the voltage 
on Al, A2,and A3. For a given A3 voltage there are 
optimum values for Al and A2. These voltages are actually 
very critical and in designing a vision receiver employing 


Fia. 30. A Cutr-Away PHOTOGRAPH SHOWING THE ACTUAL ELECTRODE 
ARRANGEMENT OF A TWO-ANODE ELECTROSTATIC TUBE 


an electrostatic tube provision must be made for pre-set 
adjustment of these voltages to a precise value. 

The higher the voltage on the main anode, that is A3, the 
more intense will be the brightness of the spot as the magnitude 
and velocity of the beam current are increased. The focusing 
or sharpness of the spot is determined by the ratio of the 
voltages between A3 and A2. In the average type of tube the 
ratio is somewhere between 4:1 and 5:1. The first anode 
normally runs at quite a low voltage and in vision receivers 
the adjustment of this voltage is generally used to determine 
what is known as the contrast of the picture. If the negative 
voltage of the grid is reduced too far, and the voltage on anodes 
1 and 2 made too high, whilst a more brilliant spot will be 
obtained, the sharpness of focus will deteriorate at a very 
rapid rate as the increases are made. The highest definition 
or focus of the spot is always obtained with a high negative 
bias on the control grid and the maximum voltage on the anode 
of A3. Al and A2 voltages are then adjusted to give the 
correct focus. 

In determining the operating voltage of the tube it is as 
well to follow the makers’ recommendation for the tube in 
question. Reasonably satisfactory pictures can be obtained 
with A3 voltages as low as 3 000, but if the anode voltage is 
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increased a far brighter picture is obtained, and as already 
pointed out a smaller spot size is possible which does much to 
sharpen the image. At the same time it would be inadvisable 
to operate a tube so that an almost hair line was produced, 
because this would give even on an interlaced transmission of 
405 lines, a picture with a distinct line grain at reasonable dis- 
tances. The optimum arrangement appears to be one in which 
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TUBE 


a clearly defined and sharply focused spot is obtained such 
that the raster is composed of lines in which there is just a 
perceptible gap distance when the screen is very closely viewed. 

The easiest method of adjusting the feed voltages to the 
various anodes is to use a potentiometer connection of the 
type shown in Fig. 31. The values indicated are suitable for 
representative electrostatic tubes and the two potentiometers 
very conveniently provide the focus and contrast controls on 
the receiver. The A2 voltage adjustment controls the focus 
and the Al controls the contrast. This of course must be 
operated in conjunction with the arrangement used to control 
the bias on the grid. One method of deriving a source of bias 
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voltage is to use a series resistance in the h.t. circuit as shown 
in Fig. 32. This arrangement is very suitable for operation in 
which the control grid is condenser-coupled, instead of direct- 
coupled. In a direct-coupled arrangement the bias for the 
erid is generally obtained by a potentiometer, which is dealt 
with later. 

It has been mentioned that a direct-coupled connection is 
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Grid bias is derived from a series resistance R,, in the h.t. circuit, the bias being 
applied through a decoupling circuit R.C,; 


highly desirable in order to maintain the correct d.c. picture 
level. Circuits are used, however, with a condenser coupling 
and the d.c. component is either introduced by a suitable time 
constant for the condenser and resistance coupling, or alter- 
natively some form of diode connection is made whereby an 
automatic bias is applied to the grid so that it maintains a 
steady positive potential representative of the mean picture 
brightness. A circuit of this type is particularly suitable for 
the bias arrangement shown in Fig. 32. 

Deflection Sensitivity. In the electrostatic tube, deflection 
is obtained by applying a voltage to the deflection electrodes 
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which are arranged in pairs of plates at right angles. These 
plates are not parallel and they are either plain surfaces 
inclined at a slight angle or alternatively they are of bent form, 
the ends pointing outwards. The deflection sensitivity is a 
function of the operating anode voltages, whilst one pair of 
plates has a higher sensitivity than the other. This is due to 
the fact that those nearer the cathode obviously have a greater 
lever action (to consider mechanical analogy) than those 
farther away, as the beam tends to pivot from the cathode end 
of the tube. The sensitivity is something of the order of 
0-10 mm. per V., depending of course upon the voltage used 
on the main anode. It is therefore quite easy to calculate what 
deflecting voltage will be required to produce a scan of any 
desired width or height. The sensitivity is easily measured 
simply by applying a given voltage to the anode of the tube 
and a given voltage to the deflector plates, the spot shift being 
measured. There is no need to compute the necessary voltage 
for a complete scan. 

A 12in. screen is generally employed to give a picture of 
about 10 in. by 8 in., from which it will be seen that a deflection 
voltage of the order of 1 000 volts is necessary. If it is found 
that the output of the time base, described in the next chapter, 
which produces the deflection voltages varies with the two 
units, then that having the lower output should be applied 
to the plates nearer to the cathode. On the other hand, it 
might prove desirable to connect the line scan time base to 
the plate nearer the cathode, even if the output were a 
little greater because the greater deflection is required in this 
direction. 

This is determined entirely by the design of the time base 
and the sensitivity of the tube which is employed. If the 
deflection sensitivity of the two pairs of plates is measured, 
it should then be quite easy to see which is the better 
arrangement. 

Modulation Voltage. The voltage required to modulate the 
tube fully is determined entirely by the constants of the 
tube—which are preferably obtained from the manufacturers. 
It is usually of the order of 20 to 30 volts on an electrostatic 
tube. It should be pointed out that the spot size and focus 
is determined not only by the anode voltages but by the grid 
voltage or negative bias on the control electrode of the tube. 
If this voltage becomes too low, defocusing will begin, and 
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therefore it is essential to see that at the highest modulation 
voltage the tube does not operate under defocus conditions. A 
typical curve is shown in Fig. 33, from which it can be clearly 
seen that there is a very defined limit to the operating voltage 
which can be employed. 

Magnetic Tubes. The electron beam can be deflected either 
by electrostatic or electromagnetic means. When electro- 
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magnetic deflection is employed the necessary field is produced 
by coils which are associated with the tube, and are arranged 
externally. 

The electrode assembly is therefore considerably simplified 
and a magnetic tube may consist simply of a cathode, a control 
electrode, and anode. Subsidiary anodes are also used, and a 
two-anode electromagnetic tube is shown diagrammatically 
in Fig. 34 and is illustrated by a photograph in Fig. 35. The 
main anode is operated at full voltage whilst the first anode 
may require a voltage of the order of 250 to 300. The control 
electrode or grid again works at a negative potential, 
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In the electrostatic tube the focusing of the spot is obtained 
by the correct adjustment of the relative voltages on the anodes 
and the grid potential. In a magnetic tube, focusing is obtained 
magnetically, and for this purpose a solenoid form of winding 
is used adjacent to the cathode. This coil is slipped over the 
neck of the tube and the general arrangement of the coils is 
shown in Fig. 36. The magnetic tube, as might be imagined, 


Fic. 35. A PHOTOGRAPH OF A TWO-ANODE, ALL-MAGNETIC TUBE 


has a thin neck, as this enables the flux density adjacent to 
the electronic beam to be concentrated, and as a result any 
controlling current is far more effective. The coil is supplied 
from a direct current source. 

The required flux density depends entirely upon the design 
of the tube, and here the manufacturer’s recommendation 
should be taken as a guide. The flux distribution is also of 
some importance. Something between about 500 and 800 
ampere turns are required with representative tubes. It is 
general to employ a large number of turns and a small current, 
and this can easily be obtained without complication from 
some d.c. supply in the receiver. Means of course must be 
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provided for varying the current through the medium of a 
rheostat. A plain air core solenoid may be used for this pur- 
pose, but it is not unusual to employ a soft iron disc at the end 
of the coils. 

Assuming that a two-anode tube is employed, the voltage 
for the first anode can be obtained either by a potentiometer 
connection from the main h.t. 
supply which may be anything 
up to about 6000 volts, or from 
another source. If a d.c. supply 
of the order of 300 volts is avail- 
able, the requisite potential can 
be easily obtained from this with- 
out difficulty, since not more than 
about 250 to 275 volts is generally 
required. Adjustment of this volt- 
Deflection age, the grid bias, and the focusing 
current enable the spot size and 
brilliance to be controlled. The 
two-anode electromagnetic tube 
forms a very convenient method 
of adjusting the brilliance and con- 
trast by providing manual controls 
for the bias and the A1 voltage. 

It will be seen from Fig. 36 that 
two pairs of coils are shown closely 

hoes a ae creel yee adjacent to the neck of the tube. 

MAGNETIC TUBE These respectively control the hori- 
zontal and vertical deflection. It is 
obvious from first principles that in order to obtain a vertical 
deflection the horizontal deflection plates of the electrostatic 
tube must be replaced by coils in a vertical plane. Similarly the 
horizontal deflection is obtained by horizontally mounted coils. 
The design of the coils for the frame and line scan is a matter 
of vital importance, and it is a problem which is by no means 
easy. The first requirement is to determine what flux is 
necessary in order to obtain the desired deflection. Here the 
manufacturer’s data must again be consulted. 

It is obvious that we can use a large number of turns with 
a small current change, or a smaller number of turns with 
a large current change. If the current change is made 
small, then the turns must be increased, and accordingly the 


CATHODE TUBE PRACTICE 55 


inductance will be increased. Unfortunately this is proportional 
to the square of the turns and a high inductance may introduce 
two troubles. In the first place the fly-back time will be in- 
creased, whilst the rapid collapse of the current in a highly 
inductive circuit increases breakdown insulation difficulties. 
When the line scan frequency is high, as is the case with 
the present system of transmission, the use of an iron core 
for deflection purposes is questionable, but it is perfectly 
satisfactory for the picture or frame scan. 

Two alternative forms of deflection coils for picture fre- 
quency are shown in Fig. 37. A far smaller flux is required for 


Fic. 37. Two Forms or DEFLECTION CoIL 


deflection purposes than is necessary with the focusing coil; 
possibly of the order of one-fifth of the value. The design of 
the deflection coil, whether for frame or line frequency, must 
be considered in conjunction with the type of valve used in 
the time base, and the nature and linearity of the sweep is 
vitally important. The design of the deflection coils, being so 
intimately connected with the drive valves, is therefore one 
which is best considered when dealing with the design of an 
actual vision receiver. (See Fig. 65a.) 

Power Supply. As the anode or beam current of the cathode 
tube is very low, the supply of the necessary operating potential 
at 4 000 to 6 000 volts is relatively simple. The difficulty with 
high voltage supply is the necessary smoothing. This 1s only 
of real importance when the current becomes large. In the 
present instance it is entirely satisfactory to use resistance 
smoothing, and a standard circuit is shown in Fig. 38. A pair 
of condensers with capacitances as low as 0-1 wF. and a high 
series resistance will give adequate smoothing. The necessity 
for only small condensers, and the absence of a choke insulated 
for high voltage, does much to reduce the cost of the power 
supply equipment. 
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The transformers supplying the rectifying valve should have 
at least 6000 volts working insulating between the windings. 
The valve used for the rectifier can be of a directly heated 
type and must have a large gap distance. between the filament 
and the anode. At this distance a multiple hair-pin filament 
which is well anchored gives complete reliability. 

Screening. As the cathode tube is controlled by virtue 
either of varying electrostatic or electromagnetic fields, the 
tube cannot be mounted in a haphazard manner in relation to 
associated apparatus. If no screening is provided, then the 
minimum distance of an adjacent transformer must be made 


we 500000 ohms 


Fig. 38. CONVENIENT SMOOTHING CIRCUITS FOR CATHODE TUBE ~ 
VOLTAGE SUPPLY 


quite appreciable, probably something greater than a foot. If 
transformers, which always have quite a large stray field, are 
arranged adjacent to the tube it is best for them to be nearer 
the screen than the neck, where the deflection sensitivity is 
much greater. On an electrostatic tube it is possible to mount 
apparatus, such as transformers, fairly closely if the tube is 
provided with a screen which is effective in the region of the 
electrode assembly. 

Such a screen, however, must have a very high permeability, 
and materials such as Mumetal and Permalloy are very suit- 
able for the purpose. A small conical screen of this material 
arranged to slip over the neck of the tube, and provided with 
means for location near the electrodes, will generally render the 
tube immune from the effect of quite strong stray field. In the 
case of an electromagnetic tube these can generally be mounted 
so that the receiving apparatus or even the time base is ar- 
ranged quite close to them, and, provided no transformers are 
adjacent, everything is quite satisfactory. Where transformers 
are used in close proximity some form of screen is necessary, 
and a large cone-shaped screen may be employed which com- 
pletely encircles the deflection coils. If such a screen were 
made of Permalloy or Mumetal the cost would be very high, 
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and very thick steel will generally give all the screening that 
is required if there is no strong local stray field. 

Tube Protection. The cathode tube is not particularly 
robust, but at the same time it is not exactly fragile, as the 
glass used is comparatively thick. 

This is due to the necessity of withstanding the pressure of 
the atmosphere, and most tubes are tested to several atmos- 
pheres before being passed as satisfactory. In the early stages 
of experimental work a number of tube implosions occurred, 
and for this reason cathode tubes when built into commercial 
receivers are generally provided with some form of protecting 
screen over the end of the tube. Very thick plate glass or a 
sheet of good quality safety glass is considered to afford ample 
protection. 

The fluorescent screen of the tube is by no means indestruc- 
tible, and the life is decidedly limited in any case, whether the 
tube is operated correctly or not. The higher the intensity of 
illumination the shorter is the probable life. Tube manu- 
facturers, however, are now guaranteeing quite useful tube 
lives and the only thing that can happen to the screen is what 
is generally referred to as burning. If the whole of the electron 
beam is concentrated at one point, as occurs with a stationary 
spot, then burning is definitely likely to occur. When the heat 
and energy is dissipated over the full area of the screen, at 
normal brilliance no damage results. 

Finally, means have been suggested for patomarically cutting 
off the beam should the time base output fail, which might 
arise from a defective valve. One scheme suggested by the 
author is shown in Fig. 39 in which the operating potential 
of the control grid is normally heavily over-biased. A diode 
is arranged to obtain a d.c. voltage from one of the time base 
outputs. This voltage is rectified as a steady d.c. potential, 
and is supplied in a positive direction, so that it overcomes 
the heavy over-bias on the grid of the tube. Accordingly, the 
tube operates under correct conditions. If one time base 
output fails, then the spot is scanned along a stationary line 
and the brilliance should not be sufficient to cause any damage 
to the screen. Should the other time base output fail, the 
rectified potential derived from it immediately disappears and 
the tube becomes heavily over-biased, to an extent sufficient 
to extinguish the spot. 

It should be understood that a high intensity spot of very 
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short duration is not likely to cause any trouble, but a cathode 
tube in a domestic receiver might easily be damaged if the 
spot were left stationary for a long period through ignorance 
on the part of the user. Accordingly, this is a point which 
should be very carefully borne in mind. 

Tube Insulation. A cathode tube can be connected to a vision 
receiver so that either the main anode or the cathode is at earth 


From time base 
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in which the grid is normally overbiased and only operates when the time hase is 
functioning, thereby preventing burning of the screen by a stationary spot. 


potential. Accordingly, particular care must be taken with 
regard to insulation of parts of the tube which are at high 
voltage above earth. If the cathode is earthed, then the full 
positive potential is at maximum voltage above earth and any 
controls connected with it must be adequately insulated. In 
the power supply circuit of the tube such as that in Fig. 31, | 
the variable controls should have adequately insulated shafts 
so that there is no possibility of the user coming into contact 
with any part of the control which might be at high voltage if 
the control itself failed. It is best to use an insulated shaft as 
a coupling between the controls and the actual potentiometers. 
When designing transformers for any part of the cathode 
tube circuit, careful thought should be given to the insulation 
between the winding and the core, owing to the high voltage 
difference which will exist between the various windings. 
When a d.c. connection of the tube is made directly to the 
amplifier, the cathode is invariably on the earth side. When 
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condenser coupling is used with d.c. restoration, the cathode 
is sometimes at high potential and the main anode is earthed. 
It should therefore be realized that the coupling condenser 
on the control grid circuit must withstand the full working 
voltage of the main anode. 


CHAPTER V 
TIME BASE CIRCUITS 


We have shown that in order to move the fluorescent spot on 
the screen of the cathode tube it is necessary to arrange either 
an electromagnetic or electrostatic field in close proximity 
to the beam. Moreover, the deflecting field must be such that 
it causes the spot to traverse the screen in two directions at a 
predetermined rate and over a pre-set distance. The device 
which performs this function is referred to as a time base, a 
double unit being necessary for television purposes so that : 
scanning in two directions is obtained. 

If the spot is to traverse the screen linearly with respect to 
time, it follows that we must generate a voltage or current 
which has the desired characteristic. In other words, we require 
a voltage or current which has a saw-tooth wave-form such as 
that shown in Fig. 40. A wave-form of this type can obviously 
be obtained by charging a condenser through a constant cur- 
rent device or very high resistance and then providing some © 
means for instantaneously discharging it and repeating the 
process. Luckily there are many different means for obtaining 
a charge and discharge cycle of the type required. Time base 
circuits are basically of two types, those employing gas dis- 
charge tubes or thyratrons, and those of the hard valve type 
in which a relaxation oscillator is produced by means of ordinary 
thermionic valves. 

Originally time base circuits suffered from a number of 
defects. In the primitive form the increase of voltage was not 
linear. In more elaborate forms employing gas discharge 
tubes, certain difficulty was experienced owing to the incon- 
stancy of the tube and particularly when mercury vapour was 
employed. The use of gases such as helium and argon in place 
of mercury vapour does much to render the gas discharge tube 
far more constant, and accordingly a tube of this type can be 
successfully employed in a time base circuit. | 

The advantage of using a gas discharge tube for the time 
base circuit lies in the simplicity of the arrangement. Whereas 
two, three, or even four valves of the hard type may be re- 
quired in a hard valve time base, only one tube is necessary 
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in a gas relay circuit. Even greater simplicity is afforded if a 
reasonably high voltage is available, when the constant current 
device can be eliminated and use made simply of an ordinary 
series resistance network with a single gas relay. 

Before doing any practical work on a time base circuit it is 
advisable to consider the manner in which the arrangement 


7ime 
Fia. 40. A Saw-rootH WaAvE ForRM 
functions, and this should be quite clear by referring to Fig. 
41 (a). Here there is a condenser C, which is shown connected 
through a resistance Rf, to a voltage source. When the resist- 
ance is connected to the voltage supply, the condenser will 
gradually begin to charge. The rate of charge will be controlled 


ti 


Fig. 41. pee OF A VOLTAGE WHICH INCREASES WITH TIME, 
BY CHARGING A CONDENSER THROUGH A RESISTANCE 
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by the values of the resistance and the condenser. In other 
words, the top electrode of the condenser, that is at the junction 
of the resistance, will gradually begin to rise in potential from 
zero to the voltage of the source. In Fig. 41 (b) the arrange- 
ment is redrawn, but this time a switch is shown so that C 
can be short-circuited. If now some device or arrangement 
could be introduced which automatically closed the switch 
at a pre-set voltage and instantaneously opened, the condenser 
would merely charge and discharge instantaneously for an 
infinite time. In other words, the voltage across the condenser 
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would gradually rise and fall to zero, rise again and fall to 
zero, as long as the arrangement was connected. If, therefore, a 
pair of deflecting plates in the cathode tube were connected 
across this condenser the voltage on the plates would cause 
the spot to traverse the tube when, on the condenser discharg- 
ing, it would automatically extinguish and start to travel 
again, the process going on indefinitely. 

The switch in Fig. 41 is replaced in practice by the gas 
discharge trigger tube. A gas discharge trigger tube, or gas 
relay, has the property of normally having a very high im- 
pedance. When, however, the anode voltage is adjusted to a 
critical value, the trigger action commences, a very heavy 
current passes, and the impedance of the tube goes to an 
extremely low value. 

It is only necessary therefore to allow the gradually rising 
voltage across the condenser to operate the anode circuit of the 
gas discharge tube, and then cause the anode-cathode path, 
which would go to a very low impedance, substantially to 
short-circuit the condenser. 

How this is done is shown in Fig. 42. The arrangement is 
very simple, consisting of a high voltage source H, connected 
to the anode of the gas relay through a resistance #. A con- 
denser C' is placed between the anode and the cathode. At a 
critical anode voltage the gas relay will conduct and the 
impedance will go to an extremely low value. It is easy to see 
that as soon as a voltage is connected to the anode resistance 
the potential on the top electrode of the condenser will gradu- 
ally rise, and when the critical value is reached at which the 
gas relay ignites, the condenser is substantially short- 
circuited, and the process automatically repeats. We have here 
a method of obtaining the saw-tooth wave-form of Fig. 40. 

We are interested in two points: the first is the magnitude 
of the voltage and the second is the linearity law or the rate of 
voltage increase with respect to time. The voltage produced 
across the condenser is determined by the voltage required to 
make the tube ignite. The control ratio of a gas relay may be 
anything between 15 and 40, depending upon the design. As 
the gas relay is in effect nothing other than a gas-filled triode, 
it follows that the grid voltage will have a very similar effect, as 
it does in the case of an ordinary hard tube, and accordingly, 
this fact will also determine the operation of the tube. 

The actual voltage produced across the condenser is not a 
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matter of very great importance since the output must obvi- 
ously be amplified in order to produce voltages of the order 
of 1000 volts which are necessary for full deflection of 12 in. 
tubes. Linearity would therefore appear to be a very im- 
portant point, and this is obviously the case because unless 
the sweep is linear the picture will be very distorted, being 
crowded at one side of the screen. Referring to Fig. 41, it is 
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well known that the charging of a condenser through a resist- 
ance more or less follows an exponential law. If therefore we 
work over the first part of the charging curve we can obtain a 
close approximation to linearity. This would seem to be an 
extraordinarily small differential on the gas relay and a very 
low output. This difficulty can be overcome by using a high 
voltage, because the exponential charging curve shape is not 
a function of the actual voltage. If, therefore, we use a very 
high voltage and employ only a very small part of the curve, 
we obtain quite a useful portion where the rate of charge is 
more or less linear. 

There is another point to be considered and that is what is 
known as the fly-back time, or the time period which elapses 
between the end of the charge and the discharge and the com- 
mencement of the subsequent charging. Actually it is possible 
to improve this time by the inclusion of a resistance on the . 
lower side of the condenser instead of connecting it directly 
to the cathode or earth line. This point is dealt with when 
considering the design of an actual receiver in Chapter Vil. 
It is easy to see, therefore, that we have two sets of conditions 
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operating in opposite directions. If we use a tube with a larger 
control ratio we require a larger voltage change on the anode 
which tends to decrease the linearity. This can be offset by 
increasing the applied voltage, but this is not necessarily 
desirable owing to expense and complication. It is very easy 
to see that whatever we do must be a compromise so that we 
obtain a reasonable output sufficient to operate an amplifier 
capable of feeding the tube, but at the same time one which 
can be obtained over a linear part of the charging curve. 

If we care to go to the expense of an additional valve we 
can always charge the condenser through a constant current 
device such as a screen-grid valve instead of a resistance. 
This, however, is a refinement which does not appear to be 
necessary, as it is possible to produce perfectly satisfactory 
linear scans with quite reasonable voltages in conjunction with 
a modern gas relay. 

Symmetrical Application. It is very important that the 
raster is truly symmetrical, as otherwise the picture distortion 
will be very severe. Quite apart from the linearity of the scan 
which, if incorrect, crowds the picture in certain portions, 
there is the matter of the format or picture ratio. The accuracy 
of the spot focus is determined by the voltage applied to the 
tube. The mere introduction of deflection plates in an electro- 
static tube is quite sufficient, if care is not taken, to unbalance 
the accurate centring of the spot. 

Asymmetry of the raster is generally referred to as trapezium 
distortion, because conditions can arise in which a trapezium 
is actually formed. Luckily, the use of a deflecting circuit 
which is symmetrical with respect to the anode will overcome 
most of the trouble. This means that even if the output of our 
gas relay were sufficient to give a full scan on the tube, it could 
not easily be symmetrically applied. As it is necessary to 
amplify it, however, it is easy to see that a pair of valves can 
be used so that they are connected symmetrically to the tube. 

One of the simplest arrangements is a paraphase circuit of 
the type shown in Fig. 43. The gas relay output, that is, the 
voltage produced across the condenser, is applied to the grid 
cathode circuit of V,, and an amplified output appears at the 
anode of this valve. In order to obtain a symmetrical applica- 
tion to the the deflection plates of the cathode tube, it is 
obvious that the anode of V,, must be 180° out of phase with 
that of V,, but the voltage must be of the same magnitude. 
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This is obtained by connecting the grid circuit of V, to the 
anode circuit of V,, through a potentiometer arrangement 
such that the potentiometer ratio is exactly equal to the 
magnification of V,. When this condition is fulfilled, it follows 
that the voltage across the grids of V, and V, are equal and 
there are 180° phase opposition. 

Amplifier Constants. In designing the amplifier circuit we 
have to consider first of all what voltage is to be applied to the 


7o Deflector 
Flates 


Fic. 43. A PARAPHASE AMPLIFIER EMPLOYING A GAS RELAY GIVING 
A SYMMETRICAL OUTPUT 


grid. The grid voltage depends upon the differential or control 
ratio used on the gas relay, the anode load, and anode voltage. | 
It is obvious that we want the wave-form shown in Fig. 40. 
This is a strictly linear voltage increase with respect to time. 
It is quite possible to calculate what values are required 
throughout the gas relay network if the characteristics of the 
‘tube are known, but it is always advisable to make a check 
on a cathode-ray oscillograph equipment, so that the actual 
wave-form which is produced can b2 examined. This will 
enable us to determine the order of linear voltage which can 
be obtained as an input to our amplifier. Our next considera- 
tion is the deflection voltage which we require on the tube. 
This is determined by the size of the screen and the picture size. 
As the picture is not square, the format having a ratio of 5 : 4, 
the two time base outputs must be different. Knowing the 
deflection sensitivity of the tube which can be determined as 
shown in the previous chapter, we can calculate the voltage 
required at the anode of the two amplifying valves, and we can 
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then determine what anode load we require for the valves and 
also the characteristic of the valves which will be most suitable. 

As the deflection voltage may be anything of the order of 
700 to 1 000, it is obvious that we require a valve with a reason- 
able grid base, a fairly high magnification, and a long steep 
slope. This seems to indicate a valve of the small power type, 
and such a tube is highly satisfactory. If the voltage applied 
to the grid be H, then the magnification will be 
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It is very important to see that a symmetrical application 
is obtained in the two valves, as otherwise there will be marked 
distortion on the raster. This will show as a split seam. Calcu- 
lation will show that a valve of the small power type with an 
amplification factor of the order of 10, will be quite suitable 
for the two amplifiers. The anode load takes the form of high 
resistances, probably of the order of anything from 50 000 to 
100 000 ohms, with a line voltage of 800 to 1 000 volts. Under 
these conditions a very high bias resistance is obviously re- 
quired, and owing to the small current automatic bias can be 
used quite successfully. The bias resistance will probably be 
of the order of 5000 to 10000 ohms, dependent upon the 
characteristic of the valve employed. It is very important to 
see that the bias resistance is adequately decoupled, and 
particularly on the frame sweep circuit where quite low- 
frequency peaks are dealt with. A large electrolytic decoupling 
condenser is essential on this part of the circuit. 

The importance of symmetry has been stressed, and this 
applies to the design and lay-out of the amplifier. Great care 
should be taken to avoid introducing asymmetrical stray 
capacitances in relation to the two valves, and to earth. A 
typical double time base circuit for frame and line sweep for 
electrostatic working is shown in Fig. 44. | 

The arrangement shown in Fig. 43 is not truly symmetrical 
unless both input and output impedances of the two ampli- 
fying valves are the same. Actually the input to the two 
valves is rather more important than might be imagined. 
Instead of taking the grid of the first amplifier V,, in Fig. 48, 
direct to the anode of the gas relay, a potentiometer arrange- 
ment is sometimes used in which the charging condenser is 
split. This is particularly suitable when a high control ratio 
exists on the tube, and the output would be too heavy for the 
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grid base of the amplifier. The “fly-back”’ resistance previously 
referred to is shown between the lower side of the condenser 
and the earth line and a connection of this type works very 


satisfactorily. The arrangement is shown in Fig. 45. 


Fig. 45 ; 

A MopirtgEp GaAs RELAY AMPLIFIER IN WHICH THE GRID CIRCUIT IS 

CONNECTED THROUGH A SPLIT CONDENSER AND RETURNS TO THE EARTH 
LINE THROUGH A RESISTANCE WHICH IMPROVES THE FLY-BACK TIME 
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Fic. 46. AN ALTERNATIVE PARAPHASE AMPLIFIER WITH A GRID 
POTENTIOMETER 


An alternative paraphase connection is illustrated in Fig. 46 
as this dispenses with a potentiometer in the anode circuit. It 
consists of a resistance capacitance filter and is arranged so 
that the voltage is cut down to a value such that the magni- 
tude of the voltage on the two grids is equal. A variable con- 
denser is shown in parallel with part of the potentiometer on 
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the paraphase valve grid circuit, and is useful in maintaining 
the desired transmission characteristic. 

Magnetic Deflection. In the arrangement considered it has 
been assumed that the output of a gas relay is magnified for 
application to an electrostatic tube.” This requires the pro- 
duction of a high voltage and the amplifier works at negligible 
current. In the case of a magnetic tube the conditions are 
very different. Here we require an amplifier of the power type 
capable of producing the necessary field from the deflector 
coils associated with the tube. Immediately we see we can 
work at a reasonably low voltage of the order of a few hundred 
volts, and ordinary power amplifying valves seem convenient 
for the purpose. Another difficulty is overcome in that the 
symmetry of our deflecting field can be obtained with a single 
valve. 

This is achieved simply by splitting the deflecting coil 
into halves, arranged on each side of the neck of the tube. 
The coils are then connected in the anode circuit of a single 
valve. 

It has previously been pointed out in Chapter IV that we 
can use a smaller number of turns and lower inductance with 
a high current, or a greater number of turns, a higher induct- 
ance and a lower current. The problem of the amplifier, is very 
similar to that of an ordinary audio-amplifier although there 
are slight differences. We have to obtain a flux change, and 
the magnetic field must increase linearly and regularly in 
exactly the same manner as the deflecting voltage for the 
electrostatic tube. All the conclusions which have been arrived 
at in relation to gas relays remain, and our power amplifier 
must therefore be supplied with the same type of voltage as 
that used with the electrostatic amplifier. We are concerned 
with producing a current change of the order, for example, of 
30 mA. in a coil which has a certain inductance and produces 
a certain field. Our problem merely resolves itself into finding 
a valve which with a given load will produce a given change of 
current at a given frequency or rather pulsating rate. 

The problem is therefore one of ordinary amplification. ‘The 
type of valve suitable for the purpose is a small power amplifier 
which may be either a triode or a super power pentode. That 
which is most suitable depends entirely upon the constants 
of the coil which it is decided to use. The author has a prefer- 
ence for a lower inductance and a higher current change rather 


70 TELEVISION RECEPTION TECHNIQUE 


than a high inductance and a small current change. A simple 
magnetic deflection circuit is shown in Fig. 47. It should be 
clearly understood that there is not the slightest objection to 
using a push-pull stage with the coils suitably arranged, and 
two small push-pull valves are quite successful. 
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Fic. 47. A Basic AMPLIFIER CrirRcUIT FOR MAGNETIC DEFLECTION 


Generation Frequency. It is obvious that the frequency of 
the generated saw-tooth wave-form will be determined by the 
time constant of the resistance/capacitance network in addition 
to the constants of the tube. Many different combinations of 
resistances and condensers would give the same frequency, 
but it is also obvious that certain values will give far too long 
a charging time whereby linearity is lost, whilst other values 
may result in such a small control on the tube that the output 
is too low. 

The frequency of the line gas relay for the present British 
transmission on 405 interlaced lines, is obviously 202-5 multi- 
plied by 50, or 10 125 impulses per second. This requires, with 
a reasonable line voltage and gas relay of representative char- 
acteristic, a condenser of a few hundred micro-microfarads and 
a high resistance of the order of megohms for the anode load. 
The frame frequency of 50 impulses per sec. will naturally require 
a far larger condenser of the order of 0-05 to 0-5 uF. dependent 
upon the constants of the gas relay and the line voltage. 

Amplifier Lay-out. The necessity for a symmetrical applica- 
tion to the plates of the cathode tube, and the avoidance of 
. stray capacitances has been emphasized. Accordingly, a sym- 
metrical amplifier lay-out is desirable, and an arrangement 
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such that stray capacitances in unwanted places are reduced. 
to a minimum. Fig. 48 shows a photograph of an experi- 
mental time base unit in which provision is made for varying 
both the anode load resistances and the grid bias resistances 
of a gas relay. It comprises a double unit for the line and 
frame scan and the pairs of amplifying valves will be seen in 
line, with the anode leads emerging from the back of the 
chassis. The two gas relays are placed adjacent to each pair of 
valves and the synchronizing valve is arranged between them. 


Fic. 48. AN EXPERIMENTAL TIME BaAsE UNIT 


Power Supply. A very important point arises in connection 
with time bases, quite apart from symmetry. This is complete 
decoupling of the two units. If there is any tendency for the 
two units to interact, very poor synchronizing is obtained 
and there may be great difficulty in interlacing a transmission. 
It is best to decouple adequately the power supply to the two 
units. An arrangement adopted by the author consists in 
utilizing the full smoothing from a double smoothing circuit 
for the frame scan. This circuit feeds the frame scan gas relay 
and the two amplifying valves. The power supply for the line 
scan is taken through decoupling means from the middle of 
the double smoothing circuit, and supplies the gas relay and 
its two amplifying valves. 

Very marked trouble can arise through lack of decoupling 
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on the heater circuit, and it is preferable to supply the heaters 
of each time base unit from a separate winding on a common 
transformer. Fig. 49 shows a power pack arrangement for an 
electrostatic time base. It should be pointed out that the 
smoothing chokes need not be very large because the total 
current is low, the gas relay load is small, and the two pairs of 
paraphase valves do not take a heavy current owing to the 
high anode load. Very large capacitance smoothing condensers 
and a reasonable size choke will give all the smoothing that is 
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Fia. 49. A SurraBLE SMOOTHING CIRCUIT FOR A 
DovusLeE TIME BASE 


required. In the case of a magnetic unit and power pack, we 
require low voltage condensers and really adequate smoothing 
chokes. It is very important to remember that if the smooth- 
ing of the time base unit is not sufficient, a 50-cycle mains 
ripple will appear on the picture. This produces a definite wavy 
edge to the raster, and the presence of horizontal black bands 
across the screen may be noted. 

Centring the Raster. If no error has been made in the 
necessary amplification required to produce a complete scan, 
the desired raster should be obtained on the tube. 

The raster will not necessarily take up the centre position 
on the tube unless everything is exceptionally symmetrical. 
Moreover, the deflection electrodes cannot be left free and they 
are normally ‘“‘tied down” by means of high resistances of the 
order of 5 to 10 MQ. with respect to the main anode. There are 
two systems of shifting the raster, and these are shown in 
Figs. 50 and 51, respectively. 

_ The first system utilizes a form of bias and this is very con- 
venient when the main anode is at earth potential. A separate 
rectifier produces a voltage which is tapped off by means of a 
potentiometer and applied to one of each pair of deflecting 
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Fig. 51. AN ALTERNATIVE SYSTEM OF CENTRING THE RASTER, 
WITHOUT AN ADDITIONAL Bias SOURCE 
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plates. In the author’s opinion this is an expensive arrange- 
ment, and it is not easily carried out when the anode is at full 
potential above earth, which is normally the case in a direct 
coupled tube. In Fig. 51, the resistance returns on the deflec- 
tion plates are taken not to the main anode but one of each 
pair is connected to a potentiometer on the main h.t. supply. 

Hard Valve Time Bases. A very large number of hard valve 
time bases have been devised working on various principles 
in which some form of trigger action is produced, a condenser 
generally being discharged through a triode or a pentode. 
Some time bases have an exceptionally rapid fly-back action, 
including one developed by the author in which use is made 
of a high-frequency oscillator valve. The hard time base has 
not been considered in detail because the gas relay is a per- 
fectly satisfactory and simple device for obtaining a saw-tooth 
wave-form. Most hard time bases employ at least two valves, 
and this necessarily adds to the complication of the circuit. 

Many charges have been brought against the gas relay as 
being an unreliable device. 

It has been suggested that the gas relay performance 1s 
inconstant and frequency variation is likely to occur which 
will give trouble in a vision receiver. It is questionable whether 
this criticism is justified, because the gas relay, or for that 
matter any generator circuit, must not be considered alone in 
relation to television technique. The function of a gas relay 
is not to produce saw-tooth impulses at a set frequency, but to 
produce them at a frequency which is somewhere near to the 
correct frequency. The synchronizing circuit should take 
charge of the gas relay. Provided use is made of a proper 
synchronizing circuit which is really powerful, it is surprising 
the tremendous liberties which can be taken in the gas relay 
sweep circuit in so far as frequency is concerned. In fact it is 
possible with just noticeable distortion of the picture format 
to make the synchronizing circuit take charge of a gas relay 
which has a natural generation frequency exceedingly far 
removed from the correct value. 

Early television technique probably suffered from indifferent 
synchronizing circuits, and this has no doubt led to the con- 
clusion that the gas discharge tube is not too reliable. Experi- 
ence gained with several gas relays of different manufacture has 
shown that the performance is sufficiently constant to enable 
them to be properly controlled by a correct synchronizing 
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circuit. The value of the gas relay is stressed, since it is a 
single valve and anything which simplifies existing technique 
is surely to be favoured. 

On the other hand it is quite possible that the gas relay 
_ may be replaced by a hard valve circuit using only a single 
valve or a valve operating on the squegger principle. It appears 
to be too early to be emphatic on such points, because sufficient 
experience has not’ yet been gained in the everyday operation 
of time base circuits in domestic vision receivers. Quite apart 
from generation of the necessary wave-form, we have to con- 
sider problems such as operating voltages and ease of control. 
For example, a time base circuit which gives a very good wave 
form, but at the same time introduces considerable difficulty 
in control or synchronizing, may not necessarily be as satis- 
factory as even the existing gas tube. Very thorough investiga- 
tion of all these points seems to be required before any 
standardization can occur. 


CHAPTER VI 
SYNCHRONIZING CIRCUITS 


However near perfection may be the design of a vision receiver, 
and however excellent may be the time base equipment, no 
satisfactory pictures will be obtained unless the synchronizing 
circuits function properly. In an interlaced transmission, 
accurate synchronism is even more important. In fact the 
synchronizing circuits are the heart of the whole vision 
receiver. The basic principle of synchronism was referred to 
briefly in Chapter I, and it is well to consider the nature of the 
synchronizing signals in some detail. The carrier wave is 
amplitude modulated, the instantaneous amplitude being pro- 
portional to the light or tone value. The full carrier from 
0-100 per cent, however, is not utilized for complete light 
modulation. Only that portion from 30 per cent to 100 per cent 
is used for the vision transmission itself, the remaining pro- 
portion from 0-30 per cent being used for synchronizing signals. 
The output of our receiver is such that the voltage appearing 
at the demodulator or the magnified demodulator voltage is 
instantaneously proportional to the carrier value. It is obvious, 
therefore, that our cathode tube must be adjusted so that the 
screen is dark when a 30 per cent carrier is received. Anything 
that occurs below 30 per cent will not affect the image on the 
screen. 

Fig. 52 shows the general nature of the wave-form of a line in 
a modern vision transmission. The ordinate represents voltage 
either at the transmitting or receiving end, whilst the abscissa 
is the time element. The portion from A to B may be taken 
to represent the active or scanned portion of one line of a 
picture. The picture in question starts with a black border 
and gradually rises to a maximum white followed by a dip, 
another rise to maximum white, and a gradual reduction in 
tone to a medium white, followed by another black border. 

The synchronizing impulse then occurs between B and C. 
This pulse has a steep wave front and represents a substantially 
instantaneous drop from 30 per cent to zero at the point B, the 
carrier being suppressed until C, when it rises to a 30 per cent 
value again instantaneously. Actually it should be understood 
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that the carrier does not go exactly down to zero, a few 
per cent remaining. The wave front, however, is practically 
straight fronted on both sides. Either a single pulse or a series 
of such pulses may be used for synchronizing purposes. As we 
have a given number of lines per second, these pulses must 
occur at a definite frequency, perhaps 10 000 per sec. It might — 
appear practical, therefore, to provide some circuit which is 
responsive only to a frequency of 10000. Whilst it may be 
possible to do this, it appears to be rather a roundabout 
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Fic. 52. WAVE-FORM OF RADIATED CARRIER 
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method of approaching the problem, and one open to serious 
criticism. In the first place, an acceptor circuit, such for 
example as an ordinary resonant circuit, is usually sensitive 
to a definite frequency of sinusoidal wave-form. It might 
prove practical to excite by impulse an ordinary resonant 
circuit. Unfortunately, however, such a system as an impulse- 
excited acceptor circuit is liable to interference, and it seems 
possible that it might easily give an impulse from “the back 
of a white.” 

A far more reliable method of approaching synchronizing 
problems is to use not a frequency discriminating network but 
an amplitude filter. Assuming that we obtain a reasonably 
steady amplified carrier output at the receiving end, it should 
be quite easy to arrange a valve network which was only 
sensitive to voltages below a predetermined value, which of 
course in this case would be the 30 per cent or black line value. 
Two systems immediately suggest themselves. The first is a 
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biased unilateral conductor which will only conduct above or 
below some predetermined value. 

An anode-bend detector or a diode fall into this class. The 
other type of arrangement is a limiting circuit such as a screen- 
grid valve, in which use is made of the constant current 
properties by applying a very low voltage to the anode and 
a little greater voltage to the screen. Any increase in grid 
voltage above a predetermined value results in no change in 
the anode current. It will also be obvious that whatever device 


Fie. 534. A SCREEN-GRID VALVE USED AS AN AMPLITUDE FILTER 
SHOWING A SUITABLE VOLTAGE NETWORK 


is used, it must function in a negative direction, that is 1t must 


be normally inoperative above a certain carrier value and 


operative below a certain carrier value. 

Screen-grid Amplitude Filters. Fig. 53a shows a screen-grid 
valve arranged as a current limiter for synchronizing purposes. 
The grid circuit is fed from any part of the receiver which 1s 
found convenient. 

In a receiver which has appreciable amplification, such as 
one working with a diode demodulator directly controlling the 
tube, a previous stage should give sufficient h.f. energy to 
control the screen-grid valve. Fig. 538 shows the character- 
istic of the valve connected as an amplitude filter, and it will 
be noted that a matter of some few volts are necessary in order 
to give an appreciable change in the anode current. 

If the valve is adjusted so that with all values above 30 per 
cent of the received carrier there is no change in the anode 
current, then a pulse will be obtained from the anode circuit 
from nothing but the synchronizing impulse. The valve is 
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biased to operate somewhere about the point Q@. Actually, as 
the turning point is not extremely sharp, it is more general to 
bias the valve so that it works about the point &. This ensures 
that no pulse is set up due to any picture content in the line. 
It also will be seen that unless the distance P to F is repre- 
sentative of the change that occurs between 30 per cent and 
zero carrier a very weak pulse will be obtained. If a change 
from 0-30 per cent shifted the operating point from Q to # 
it is apparent that the synchronizing pulse would be extremely 


Anode current 


Operating point 


=<—§— -Grid volts 


Fic. 538. CHARACTERISTIC OF SCREEN GRID LIMITING VALVE 


weak. This could be overcome either by applying a greater 
voltage to the synchronizing circuit or amplifying the output. 
It is essential that a characteristic of the type shown in 
Fig. 538 is obtained, and although the bias point is of some 
importance the really critical factor is the anode voltage 
applied to the valve. Normally this is an extremely low value 
—somewhere of the order of 5 volts—and before arranging a 
synchronizing circuit of this type it is really essential to take 
characteristic curves so that the optimum operating con- 
ditions can be determined. The low anode potential is not 
obtained from a series resistance but from a potentiometer 
arrangement, as this ensures greater constancy of operation. 
Diode Limiters. A form of synchronizing circuit successfully 
employed with a receiver which drives the tube directly from 
the demodulator is shown in Fig. 544 and makes use of a 
diode and a phase reversal valve. The valve V, is the demodu- 
lator of the receiver, V, is the synchronizing diode, whilst V, 
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is in effect an 1.f. amplifier. At 30 per cent modulation or black 
level, the cathode of V, has a certain positive potential with 
respect to earth. The anode of V, is given a low voltage which 
is below the positive voltage eopliod to the cathode of V4. 

Consequently V, is in a non-conductive condition. The ange 
of V, is connected to the grid of the amplifying or reversal 
valve Vz, which is given a certain negative bias larger than the 
positive voltage on the grid of V;. During picture modulation 
the voltage across the demodulator load increases and the 
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Fia. 54. AN INVERTED DIODE FORMING AN AMPLITUDE FILTER 
OR SYNCHRONIZING SEPARATOR 


In (a) there is a phase reyersal and amplifying valve, whilst in (b) use is made of ~ 
a transformer 


cathode of V, becomes more positive. Accordingly, the valve 
remains non-conductive and the grid potential of V, does not 
change. 

When a synchronizing pulse arrives, the voltage across the 
demodulator load falls to zero and accordingly the cathode of 
V, becomes less positive than the anode, and V, commences 
to conduct. The anode becomes more negative and accordingly 
the grid of V, becomes less positive. In this way a positive 
pulse is produced at the anode of V3, which is suitable for 
controlling the grid circuit of a gas relay. 

The figure also shows (b) a modification in which a trans- 
former is included in the anode circuit of V,. It is obvious that 
any desired phase relationship may be obtained across the 
windings of this transformer with respect to their method of 
connection. Whilst the gas relay requires a positive potential 
on the grid in order to make it collapse, certain hard time bases 
require a negative potential. In such a case the amplifying 
valve V, is not necessary, and a transformer in the diode of 
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V, will be all that is required. It is obvious that exceedingly 
powerful synchronizing voltages can be produced by a circuit 
of this type, the value depending chiefly upon the amplification 
produced by V;. There is no reason why voltages of the order 
of 50 to 100 should not be produced. Such a voltage of course 
is unnecessarily high. 

‘‘ Less Negative ’? Synchronizing Circuits. The function of a 
screen-grid valve or an inverted diode arrangement connected 
as an amplitude filter is to eliminate all signal component 
voltage variation from the output. It is possible, however, to 
obtain synchronism from a circuit in which signal modulated 
voltages are actually applied to the input of the gas relay, 
provided a direct-coupled connection is made. If the output 
of the receiver is connected to a diode demodulator, including 
a diode load resistance, the voltage across the diode load with 
respect to the earth or cathode can be made negative. This is 
simply achieved by connecting the output transformer of the 
amplifier to the anode of the diode, and taking the cathode 
to the earth line, the load resistance being connected between 
the lower side of the transformer and the earth line. Any 
variations across this resistance due to signal modulation will 
be in a negative direction. 

It is quite possible to design the operating condition of a gas 
relay or other time base circuit so that the relay will collapse 
at a certain negative or low voltage on the grid. Accordingly, 
if the time base gas relay is connected to the demodulator 
load by direct coupling, signal variation will have the effect 
of increasing the negative potential on the grid of the gas relay. 
The relay can be so adjusted that the potential due to black 
level is such that the relay will not collapse. 

During a synchronizing pulse, however, the potential at 
black level falls substantially to zero. At such a voltage the 
gas relay can be adjusted to collapse, and accordingly 
synchronism is effected. 

The difference between this system and the arrangement 
previously described lies simply in the fact that signal voltages 
may reach the grid of a gas relay during the charging period, 
but the absolute magnitude is such that they will never cause 
the gas relay to collapse. The application of a less negative 
voltage to the grid is entirely comparable with the application 
of a positive voltage in the inverted diode arrangement. 

In a practical circuit of this type it is generally convenient 
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to use a different demodulator from that used for the vision 
output. It is also essential, with the characteristics of most 
gas relays, to obtain a really useful working potential, and in 
some receivers a further i.f. amplifier is sometimes used which 
is coupled to the main amplifier through a small condenser. 
This ensures that there is sufficient voltage variation across 
the load circuit of the synchronizing diode to give the requisite 
voltage for the relay control. 

Author’s System. It is well to consider the requirements of a 
synchronizing circuit, and the necessary condition can be set 
out as follows— 


(a) Complete immunity from line content. 

(b) Sufficiently powerful to control the time base even at — 
low field strength. 

(c) Freedom from delicate adjustment. 

(d) Freedom from parasitic disturbance. 


If these requirements can be satisfied, we shall have a 
synchronizing circuit which enables a vision receiver to be 
adjusted for ‘“‘line” or ‘“‘frame’’ by an unskilled operator with 
extreme simplicity. At the same time it will be immune from 
parasitic disturbances. Realizing the necessity of fulfilling 
these conditions, the author has endeavoured to produce a 
synchronizing arrangement meeting these requirements and 
at the same time one which is well adapted to the popular 
superheterodyne receiver with a magnified demodulator output. 

A circuit which has been found highly successful is shown in 
Fig. 55, and is considered in relation to the wave-form of 
transmission. Use is made of the inverted diode and amplifier 
principle, with the operating conditions arranged so that the 
device is particularly immune from variation in carrier strength 
and also parasitic disturbances. The diode is connected to the 
anode load or part of the load in the magnifier valve. In the 
diode synchronizing circuit shown in Fig. 54 the diode is con- 
nected directly across the demodulator load, which appears to 
be the accepted practice, and the anode potential is adjusted. 
so that the valve is substantially non-conductive at 30 per 
cent carrier. In the arrangement in Fig. 55 the slider of the 
potentiometer, which is a pre-set adjustment in the vision 
receiver, is arranged to produce an anode voltage on the diode, 
such that the valve is not conductive at 30 per cent modulation 
or even 20 per cent modulation. The valve is caused to conduct 


SYNCHRONIZING CIRCUITS | 83 


by adjusting the anode potential to such a voltage that the 
diode current will not commence to flow until the carrier value 
reaches a very small percentage. Under such conditions during 
the synchronizing pulse, the diode current is small and pro- 
duces a voltage across the load resistance f,. This voltage is 
amplified by V,. The amplification used is low and the voltage 
developed is little more than is requisite to control the gas 
relay grid. It will be seen that resistance and capacitance 
coupling is actually used between the diode and the amplifier 


To tube 


Fic. 55. THe AvuTHOR’S SYNCHRONIZING CrRcUIT APPLIED TO A 
RECEIVE: Ustne A MAGNIFIED OUTPUT 


valve, but, providing a suitable time constant is employed, no 
difficulty arises. If desired, of course, a direct-coupled con- 
nection can be employed, in which case the cathode of the 
magnifying valve must be returned to a suitable positive 
potential so that the valve functions correctly. 

However great should become the carrier amplitude, the 
diode cannot conduct. On the other hand, should the carrier 
amplitude fall very appreciably to such a value that the tube 
is only modulated at a fraction of the correct brilliance, the 
circuit will still function because the anode potential of the 
magnifier valve, that is the output of the receiver, can rise to a 
very large amount since the diode is very heavily biased back. 

Most electrical interference tends to produce positive pulses 
in the output of the receiver, but should a peak be obtained 
in the opposite direction this peak must be of very considerable 
magnitude before it can cause the diode to conduct. As a 
result, the arrangement is practically immune from ordinary 
electrical interference. This was demonstrated by connecting 
an electric motor giving rise to considerable interference 
directly to the aerial of a vision receiver through a small 
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condenser. The interference was sufficient to mar completely 
the picture, but even under these conditions there was no line 
or frame slip. The constancy of the synchronizing circuit 1s 
indicated by studying Fig. 56, which is a photograph of a still 
picture. The photograph shows an enlargement of a portion 
of the screen which was exposed for substantially two minutes. 


The perfect line formation can be seen, which shows that both 
the line and frame synchronizing circuits are perfectly main-— 


tained. In order to show the lines clearly, the interlace was 
slipped and the scan opened out. During this exposure a 
certain amount of interference was experienced, but it does not 
show on the picture, as it was intermittent, whilst the camera 
was naturally stopped down and the tube intensity reduced to 
a low value in order to prevent over-exposure. 

Attention must be drawn to the important features of the 
circuit, which are responsible for the satisfactory operation of 
the basic arrangement. In a receiver using an amplified 
demodulator output, it is general to include some correction 
circuit in the anode of a valve. There is appreciable capacitance 


of the order of a few micro-microfarads between the cathode 


and the heater, which is at earth. 

The cathode of the diode is therefore not connected directly 
to the anode of the output valve but to the junction of the 
anode load and the correction inductance. Accordingly, the 
capacitance is removed from the circuit and does not tend to 
form a resonant circuit which might give rise to distortion. 
A further important point is the use of a high diode load resis- 
tance which is necessary still further to reduce the effective 
capacitance of the diode. 

Pulse Amplification. The magnitude and phase of a pulse 
applied to the relay must obviously have some effect upon the 
picture. It will be remembered that the synchronizing pulse 
has a steep front, and theoretically the pulse occurs at what- 
ever point the diode may be biased to conduct. It is important 
therefore that in any amplification network, whatever circuit 
is used it must not introduce any variable time constant, as 
otherwise the line or frame alignment will not be constant. 
The magnitude of the pulse is also of some importance because 
a pulse is generally applied to the relay through a condenser 
and resistance combination. This must obviously be of such 
a value that the grid condenser does not become permanently 
charged, whilst it must discharge at such a rate that it is ready 
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to deliver a further voltage corresponding to the next line or 
frame pulse. If, for example, the grid condenser becomes 
charged with the first pulse and maintains this charge betore 
the next pulse arrives, proper synchronism is not obtained. 
It will be appreciated that the trigger action of the gas relay 
is brought about by the production of a critical grid potential 
on the grid. The timing of the pulse is therefore a function 
of the relay constants or the critical voltage at which it will 
operate and the instant at which a voltage of a certain 
magnitude is produced. 

It is quite possible to shift the whole picture from left to 
right by a small amount simply by controlling the instant at 
which the pulse is applied to the gas relay. If the pulse is a 
fraction of a microsecond too late or too early, it does not tend 
to spoil the effect of the picture. What is important, of course, 
is the application of each successive pulse at the exact moment. 
Unless this occurs, certain lines tend to be displaced, and 
naturally the whole definition of the picture is lost. Similar 
effects are obtained with the frame pulse, and on an interlaced 
transmission the interlacing does not occur if the error is too 
great. A circuit such as Fig. 57 shows a very convenient 
method of controlling the trigger action of the gas relay. The 
exact moment at which the action occurs is determined by 
the relative values of the resistances and condensers and the 
operating conditions of the gas relay. It is obvious that Cy 
and R, must have a low time constant in relation to the rate 
of impulses, as otherwise C, would become permanently 
charged for such a long period that it was not responsive to 
the next pulse. 

Pulse Separation. It has been shown that the amplitude 
filter separates synchronizing pulses from the picture modula- 
tion. It now only remains to consider whether it 1s necessary 
to separate the line and frame pulses which are of the same 
wave-form. It seems peculiar that similar pulses occurring at 
the end of each line and at the end of each frame having some- 
what similar characteristics can control two gas relays. The 
only real difference between the line and frame pulses is, of 
course, the duration of the pulse. This is very clear from the 
wave-form shown in Fig. 58 (Chapter VII). A very large 
number of circuits have been devised for effecting some 
separation of the two pulses. For the most part they are 
dependent upon time differentiation, although schemes have 
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been devised for differentiating on the basis of the power 
content of the pulse. 

In a simple vision transmission system, line and frame pulse 
separation is not of very great importance. Should the frame 
pulse upset the line, it can only do this at the commencement 
of the picture, and the first few lines are generally suppressed 
to form a black top. If the line pulse affects the frame relay, 
then there is of course the possibility of either early or late 
synchronism. Providing that the error is not very great, the 


Fic. 57. A SvuITaABLE SYNCHRONIZING APPLICATION NETWORK FOR 
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visual effect is not worth considering. In the case of an inter- 
laced transmission, -however, the whole situation is different 
because very precise frame control is essential. 

The necessity of preventing interaction between the two gas 
relays has already been stressed when dealing with the subject 
of time base design. It is very obvious that if there is any 
interaction, it will be far harder to control the frame relay 
accurately from the synchronizing pulse. 

Accordingly, this requirement is the first necessity in the 
design of the synchronizing application network for an inter- 
laced transmission. Effective separation can definitely be 
obtained with a simple resistance-capacitance network, but 
quite frequently a diode or similar valve is used to assist in the 
separation of the line and frame pulses. The underlying prin- 
ciple employed is generally that of using constants for the 
frame relay application network of such an order that sufficient 
magnitude cannot be obtained from voltage due to the line 
pulse, to produce the necessary critical voltage on the grid of 
the frame relay. 

In short, therefore, nothing very complicated is necessary 
in order to separate the pulses. Transferring these considera- 
tions to a practical engineering case, the requirements are 
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satisfied if use is made of a fairly small coupling condenser for 
the line relay. When both relays are operated from a single 
output valve, then the dissimilarity in the values of the 
- constants of the application networks of the two relays is 
sufficient to give an accurate frame control, perfectly free from 
interference from the line pulse. If only a minute voltage 
derived from the line pulse can build up on the grid of the 
frame relay, there can be no possibility of this relay tripping. 
The design, of course, is simply a matter of the correct choice 
of the values of the resistances and condensers. The network 
shown in Fig. 65 appears to give a perfectly stable and constant 
interlace. It should not be imagined, however, that this par- 
ticular network is applicable to every type of synchronizing 
circuit, because this is not necessarily the case, and it is possible 
to devise an almost unlimited number of simple application 
networks involving various phase devices and time constants, 
all of which will be capable of differentiating between the two 
pulses. 


HARVEY RADIO LABORATORIES, INC. 


CHAPTER VII 
THE VISION RECEIVER 


WE have considered in some detail the various components of 
a vision receiver, their essential features, design, and adjust- 
ment. It should now be possible to determine in what manner 
the various components should be combined to form a complete 
vision-receiving equipment. Before designing any type of 
receiver, the first requirement is obviously a consideration of 
the wave-form and nature of the transmission. In the case 
of ordinary broadcast telephony the wave-form is so well known 
that one rarely gives it much consideration. In designing a 
receiver for side-band telephony or automatic high-speed 
_telegraphy, one obviously has to consider the reception tech- 
nique rather more fully. In the case of a vision transmission, 
everything is so complex that one must consider in great detail 
the full requirements. The examination which we have made 
of the requirements of the various component parts of the 
vision receiver is applicable to any amplitude modulated vision 
system, but, in taking a practical example, we cannot do better 
than consider the requirements of the present British television 
transmission system, as this happens to include the feature of 
interlacing which introduces certain other problems and makes 
the examination of more value. 

First of all we must examine the specification of the radiated 
wave-form, line frequency, frame frequency, and picture por- 
tions. The Marconi E.M.I. system now in use has the following 
specification— 


B.B.C. ALEXANDRA PaLAce, LONDON, TRANSMISSION 
Marconi E.M.I. System 


Vision carrier frequency. 45 Me. 

Sound carrier frequency. 41:5 Me. 

Number of lines. 405. 

Number of frames. 25. 

Type of scanning. Two interlaced frames, of 202-5 lines with 
an adjacent speed of 50 frames per sec. There is a fractional 
relationship between the line and frame frequencies which are 
recurrent, so that an exact interlace is obtained. 
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Line frequency. 10 125 lines per sec. scanned from left to 
right. 

Frame frequency. 50 half-scan frames per sec. scanned from 
top to bottom. 

Picture format. 5: 4. 

Vision modulation. ‘The carrier is amplitude modulated an 
increase in light value. Full modulation from black to white 
occurs between 30 per cent and 100 per cent carrier. 

Line synchronizing signals. A square fronted wave occurring 
in a downward direction from 30 per cent to substantially zero 
at the end of each line. 

Frame synchromzng signal. A square fronted wave occur- 
ring in a downward direction from substantially 30 per cent 
to zero carrier at the end of each frame. 


Actually these synchronizing signals are not in the form of 
a single pulse. Fig. 58 shows the wave-form of the transmission. 
Examination of this diagram reveals a number of interesting 
features. We see that at the end of each line there is a single 
line synchronizing pulse extending from 30 per cent to sub- 
stantially zero, lasting for a distance equal to 75 of a line, after 
which there is what is in effect a black margin to the picture, 
that is a transmission at black level for 35 of a line. This shows 
that out of the total length of line only 85 per cent is available 
for picture transmission. 

The frame synchronizing signals are rather more complex, 
and consist of two pulses ;4; of a line in duration with 75 of a 
line interval between them at black level. At the end of 
even frames, the first frame pulse signal is coincident with what 
would have been a line signal, whilst at the end of odd frames 
the first frame pulse starts half a line after the preceding 
line signal. The minimum number of frame signals which is 
transmitted at the end of each frame is six. It should also be 
observed that the line synchronizing signals are maintained 
during the frame pulses so that there is no necessity for the 
line time base to pull into synchronism at the commencement 
of each new frame. 

Principle of Interlacing. The greater the number of lines in 
a picture the greater is the definition. This statement is 
perhaps too obvious to need explanation. It follows that if we 
increase the number of lines, each having a representative 
amount of varying tone value, the side bands will increase 
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owing to the increased variation of modulation during a given 
interval. 

If the frequency band is too wide, there will be considerable 
difficulty in obtaining a linear amplifier which will deal with 
the necessary band. The wider the band, the lower will be the 
stage gain, and the amplifier system will become exceedingly 
complicated. One obvious way of overcoming the difficulty is 
to reduce the number of frames per sec. If, however, these are 
made too small, then there will be a marked flicker effect. The 
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Fig. 59. SHOWING THE PRINCIPLE OF INTERLACING 


system of interlacing overcomes this difficulty, and this is only 
possible by virtue of the phenomenon of persistence of vision. 
In an interlaced scanning system the picture is divided into ~ 
interlaced groups of lines, each group being separately scanned. 
In the Marconi E.M.I. system it will have been noticed that 
25 pictures per sec. are employed, but these are composed of 
two frames giving a frame frequency of 50 per sec., with a half 
number of lines to each frame. It has already been explained 
that proper interlacing is obtained by virtue of the fractional 
relationship between the frame and line frequency. The prin- 
ciple is made more clear by referring to Fig. 59. This is intended 
to represent the top and bottom portions of a scanned area, 
in which the lines are considerably spaced apart for the sake 
of clarity. As the spot scans the picture from left to right it is 
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also under the influence of a downward movement, and there- 
fore although the lines appear substantially horizontal, they 
are actually sloping. The first line is assumed to start at A, 
and follows the path 1 to 2. It then follows the path 3 to 4, 
and so on through the picture. The last two lines C and D 
follow the path 5 to 6, and 7 to 8 respectively. At the point 8, 
the frame is completed and the spot flies back to the top of the 
picture whence it starts along the line H, the second sequence 
being shown as dotted lines. It follows the path 9 to 10, and 
as line F it follows 11 to 12. It then interlaces at the bottom 
of the picture at line G, along the path 13 to 14, and the line H 
along 15 to 16. At the line J it moves from 17 to 18. At the 
point 18, however, the frame is again complete and the spot 
flies back to commence the next downward frame movement. 
Here, however, it starts again at Al, and in this way the 
whole sequence of operations is repeated, the two sets of 
scanning being properly interlaced in this manner. 

Receiving System Requirements. The details of the trans- 
mission system outlined above should enable us to determine 
the requirements of every portion of the receiving system from 
the aerial to the cathode-ray tube. One factor, however, is 
still missing, and that is the field strength which we may 
expect at the receiving point, which of course determines the 
sensitivity of the whole equipment. Unfortunately the British 
station has not been working for a sufficient time to enable 
complete analysis of field strength to be made, but at a distance 
of 15 miles it is probably of the order of 2mV. In view of the 
large amount of amplification which seems necessary, and the 
desirability of obtaining a good signal-to-noise ratio, it can 
be assumed that the field strength will be reasonably high. 
Moreover, it should be remembered that the official estimated 
range of the Alexandra Palace transmitter is 25 miles, although 
successful reception has been carried out at far greater distances. 

Before considering the design of a particular receiver, we 
must obviously decide what form of aerial is to be used. 
When receiving wavelengths of the order of 6 metres, the only 
satisfactory type of aerial is one which is cut accurately to the 
required length. We have seen earlier that the best arrange- 
ment to use is a vertical dipole, and accordingly we should 
do well to employ this arrangement. The requirements of the 
dipole are that it should be as high as possible and preferably 
well removed from interfering fields. Motor car interference is 
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likely to give the most trouble, and some little improvement 
can be made by the use of a reflector which tends to increase 
the directional properties of the dipole, but it must not be 
imagined that a reflector will overcome ignition interference 
even from behind, because this is far from the case. 

The rods used on the dipole should not be easily oxidizable, 
that is, they should consist of metallic rods well insulated with 
some weather-resisting lacquer. The length should preferably 
be adjusted so that the aerial resonates with the vision 
wavelength rather than the sound wavelength, because it is far 
better to obtain maximum signal strength on the vision than 
on the sound wavelength. The best factor for determining the 
correct length is to multiply the vision wavelength by about 
0-23 for a quarter 
wave, or 0:47 for 
half wave, as this 
compensates for the 
unequal distribu- 
tion of capacitance 
and inductance. A 
dipole and reflector 
of the type de- 
scribed in Chapter 
II, and illustrated in Fig. 10, will be entirely suitable for our 
purposes. The importance of a correctly matched transmission 
line has been stressed. Use may be made either of a co-axial 
or parallel pair. In an endeavour to obtain the maximum 
voltage on the grid of the first valve, the losses of the line 
should be reduced to a minimum. Here we have found that 
mismatch is a far greater source of loss than attenuation, due 
to dielectric and ohmic losses. 

Losses from causes other than mismatch are only of impor- 
tance when the length is very great. A low impedance co-axial 
cable has accurately dimensioned and spaced conductors with 
a small quantity of low loss dielectric. Such a cable is shown 
in Fig. 60. This is a photograph of a co-axial cable used for 
high-frequency transmission purposes. It comprises a heavy 
outer lead conductor or shield which maintains in correct 
relation the hard copper or similar strips which are laid on the 
paper tube. The paper has low losses and is used to insulate 
the centre conductor. This is spaced by a series of radial 
kinks, which are “revolved” round the axis of the conductor, 
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HIGH-FREQUENCY TRANSMISSION PURPOSES 
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so that it is equally spaced and maintained on the axis of the 
whole arrangement. Such a cable has very low losses, but it is 
not necessary to use a transmission line of this type unless the 
necessary length is considerable, and a flexible co-axial with a 
gutta-percha or similar internal spider is quite satisfactory for 
spacing the central conductor. Use is sometimes made of a 
braided conductor for the outer co-axial member, although 
this is obviously not as efficient as a properly laid strip con- 
ductor. On short lengths however, matters such as these are 
of little importance. 

The other type of conductor is the parallel pair which 
comprises two conductors spaced apart at the correct distance 
as indicated on page 18. In order to obtain the correct 
impedance, a parallel pair of this type comprises two conductors 
which are a very small distance apart, and, in order to main- 
tain this distance, the conductors are usually embedded in 
some form of insulating material, such as rubber or alterna- 
tively a gutta-percha mixture which is subsequently vulcanized. 
Very long lengths of this would have high losses owing to the 
appreciable dielectric between the conductors, and substances 
such as polymerized styrene are becoming increasingly useful 
for long line insulation. With short lengths of the order of 
100 to 200 ft., the insertion loss is usually not more than 1 or 
2db., and accordingly this type of conductor is exceptionally 
useful and at the same time it is quite cheap. Whatever form 
of transmission line is used, a thoroughly hermetically sealed 
or waterproof joint should be used between the ends of the 
dipole. 

A transmission line, it will be remembered, is connected to 
the set preferably through some form of screened transformer 
with a view to minimizing certain interference which is liable 
to be passed on from the two wires as a whole, to the input. 
The screen in this transformer, of course, has no effect upon 
vertically-polarized motor car ignition interference which may 
be picked up by the dipole itself, as this form of interference 
is passed on through the transformer in the normal manner. 

The Receiving System. In considering the design of a 
receiving system, we have available two methods of reception 
and two forms of tube connection. We can amplify at the 
radiated frequency throughout the complete chain, or we can 
use frequency conversion on the superheterodyne principle. 
We can then use either an electrostatically controlled tube or 
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an electromagnetically controlled tube. This gives us four 
alternative types of receivers. The merits of the various 
receiving systems or forms of tube control have been discussed 
in the appropriate chapters, and accordingly it is proposed to 
describe a representative receiver which is of the most interest- 
ing or complicated type so that it will involve as many different 
features as possible. The arrangement we will consider is the 
superheterodyne receiver with a magnified output, and an 
electrostatically controlled tube. 

The first step in any form of receiver design is that of 
determining the amount of amplification required to give the 
desired output with a given input. This first essential and 
elementary step is obviously applicable in the case of a vision 
receiver. The only difference in the calculation is that instead 
of dealing with stage gains of the order of 100 or more, we 
have exceptionally low values of the order of 5 to 10. There 
is another elementary rule we should do well to remember, 
and that is the desirability of obtaining the highest possible 
voltage on the grid of a frequency changing valve. This seems 
to point to the desirability of using at least one stage of signal- 
frequency amplification before the frequency changer. The 
arrangement of our system is therefore a signal-frequency 
amplifier, a frequency changer, a number of intermediate 
stages, a demodulator, and a magnifier. The only unknown 
factor is the number of intermediate stages we require. First 
of all we must determine the grid base of our cathode tube so 
that we can calculate the maximum modulation voltage 
required. It is possible that this will be of the order of 20 volts. 
If this is the case, we require a variation not of 20 volts from 
the output of our amplifier valve but a variation of 30 volts, 
because we know that one-third of the output is devoted to 
synchronizing impulses, that is the voltage in the “blacker 
than black” zone. If our set would only give 20 volts output 
from zero to 100 per cent carrier, we should have available 
about 14 volts instead of 20, and we should not obtain full 
modulation on the tube, and the overall picture brilliance 
would be diminished. 

We have seen that a radio-frequency pentode is a suitable 
valve for magnifying the output of the demodulator. Such a 
valve normally has a high stage gain, but this is completely 
lost owing to the fact that we are compelled to use a very low 
anode load. The anode load is determined by the shunt 
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capacitances due to the wiring and the input capacitance of the 
cathode tube, in relation to the permissible loss of higher 
modulation frequencies. This resistance is found to be some- 
thing of the order of 3 000 to 5000 ohms. Knowing the con- 
stants of the valve used as a magnifier, we can easily determine 
what stage gain is given by this valve. Dividing the required 
output voltage by the stage gain, we find the necessary voltage 
which must be applied to the grid from the demodulator. 

It will be best for the moment to reject the intermediate 
amplifier and turn our attention to the frequency changer and 
signal-frequency valve. The conversion conductance of a 
frequency changer working at frequencies of the order of 
40 Mc. is not very large, and the valve may be a little more 
than a passenger, whilst it may actually introduce a slight loss. 
In making a trial calculation it will be quite wise to consider 
the gain as at least no more than about 0-8. The signal fre- 
quency stage is again rather problematic and is not easily 
calculable. At frequencies of the order of 40 to 50 Mc., dielectric 
losses play a very important part, and the effective dynamic 
resistance of the tuned circuit is controlled very appreciably 
by the general circuit losses. We also have to consider what 
band width is to be permitted, as obviously an excessively 
sharply tuned circuit even at 40 Mc. would introduce quite 
appreciable loss over a wide band width. If we aim at making 
a very high fidelity receiver on the double side-band principle, 
we shall require substantially no loss over a band width of 
4 Mc. The transference of this tuned circuit will be dependent 
on the L/C ratio, and the equivalent parallel losses. These 
factors in turn control the gain of the valve. Even quite small 
changes in these constants will affect the gain very appreciably, 
and it may easily vary between 3-5 to 5 with quite small 
changes. It is recommended therefore that very careful 
measurements are made in the laboratory under representative 
conditions of what will be employed. Considerable care, of 
course, is necessary in conducting gain measurements at these 
frequencies, but reasonably accurate results can be obtained, 
and in any case there is no difficulty in determining the band 
width of the amplifier stage. When the required band width 
is obtained, the gain can then be computed without much 
difficulty within about 5 to 10 per cent. If we divide our 
demodulator voltage by the gain we have now determined 
for the signal-frequency amplifier, and our frequency changing 
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stage, we are then left with the required gain for the inter- 
mediate amplifier with a given input. At this stage we have 
to determine what gain can be obtained from an inter- 
mediate amplifier stage for the required band width. Assuming 
that we are using a high-fidelity arrangement with a flat 
response of 4 Mc., we employ damped coupled circuits of the 
type described in Chapter III and utilize a valve with the 
greatest possible conductance. 

Intermediate Frequency. The choice of an intermediate 
frequency is controlled by a number of factors. If it is too 
high, little advantage will be obtained, and it will be just as 
well to design the set to amplify at the transmission frequency 
throughout. If it is too low, it will be impossible to obtain 
sufficient band width. Intermediate frequencies somewhere 
between 8 Mc. and 12 Me. are generally employed. Here again 
the frequency cannot be selected in a haphazard manner, 
particularly when the receiving system employs a separate unit 
with a separate oscillator valve for sound reception. It is very 
important to guard against the production of patterns or 
images, owing to interaction or harmonic troubles. 

We are here concerned with the vision transmission fre- 
quency, the sound transmission frequency, the fundamental 
and harmonics of our vision oscillator, and the fundamental 
and harmonics of the sound oscillator. Finally we have to 
consider the desired overall band width. In designing any 
sound and vision circuit, it is therefore obviously necessary to 
determine a frequency which is going to be free of all troubles. 
Knowing the transmission frequencies, the problem is one of 
simple addition, multiplication, division, and subtraction. 

The stage gain and band width must be very accurately 
determined in the laboratory before doing any practical work 
on the receiver. The gain actually may be of the order of 
5 to 6, and is determined by the actual band width it is desired 
to use, and the constants of the valve employed. If it were 
desired to cut the side-bands, and lose a little picture detail, 
then a gain as high as 7 or 8 would be possible with a valve 
such as the TSP4. If the required intermediate gain is X, and 
the individual stage gain is Y, it follows that the number of 
stages n is given by the expression— | 
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It may well occur that this figure will not be a whole number, 
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which means that the required stages will be the next whole 
number to that given by the expression. It is quite possible, 
for example, that were the figure 3-9, four stages would be 
quite sufficient, but were the figure 4-3, then it would obviously 
be necessary to employ five stages, when there would be an 
ample margin of safety. With representative field strength and 
a representative cathode tube, a receiver will usually consist 
of a signal-frequency stage, frequency changer, four inter- 
mediate amplifiers, a demodulator, and a magnifier. Accord- 
ingly, we will consider such a system in detail. 

The circuit of the receiver is shown in Figs. 61 and 65. V, is 
a Mullard TSP4, and is preceded by a tuned circuit L,, Cj. 
The shunt resistance, R,, is shown in parallel, and it may be 
found that the dynamic resistance of the circuit is too high, 
and gives excessive side-band cutting. This is coupled through 
an ordinary choke condenser arrangement to the input of a 
frequency changing valve in the form of a triode hexode. The 
next circuit, L,,C,, is again damped to give the correct dynamic 
resistance. The oscillator section of this valve is of interest. 
In order to obtain sufficient heterodyne voltage from the 
oscillator section, tight coupling is necessary between the grid 
and anode circuits, and for this purpose the two coils are inter- 
wound. These coils are constructed on the lines previously 
indicated. The oscillator grid condenser is of low value, so as 
to remove as far as possible the load of the valve from the 
tuned circuit with a view to minimizing frequency drift. The 
remaining four valves are Mullard TSP4 screened pentode 
amplifiers, and utilize damped coupled circuits. The coupling 
of these is adjusted to give in a high-fidelity receiver a response 
substantially level over 4 Mc. 

The connection of the demodulator calls for no comment, 
with the exception that the diode load is very low as previously 
explained. The shunt condenser is similarly of small capaci- 
tance, the value being determined by the constants of the 
demodulator valve diode load, and the input capacitance of 
the magnifier and its associated wiring. Particular attention 
is drawn to the connection of the grid circuit of the magnifier 
valve, which is another Mullard TSP4. This is arranged to 
work at zero bias, and at no signal level the anode and screen 
currents tend to be high. At black level, however, an appre- 
ciable bias is obviously developed, and the rating of this valve 
just falls within the normal dissipation for anode and screen 
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currents. The anode circuit of the magnifier contains a 
correction inductance. The value of this, it will be remembered, 
is determined by the value of the anode load. 

If the load is of the order of a few thousand ohms, then the 
correction inductance generally takes a value of 200 to 300 wH. — 
If, however, use is made of a slightly higher anode resistance 
of the order of 10 000 ohms, then the value of the correction 


Fic. 61. DECOUPLING AND SCREENING CIRCUITS OF THE 
HIGH-FREQUENCY PORTION OF THE VISION RECEIVER 


inductance increases very considerably. In any case this is — 
best determined by trial and error. 

Receiver Lay-out. Reference to Fig. 61 shows that very 
elaborate decoupling is used, by-pass condensers actually being 
used on the heaters of each valve. The amplifier shown in this 
figure will definitely fail to work if any liberties are taken in 
the lay-out or decoupling. Short lengths of wire have quite 
an appreciable reactive component, and differences of potential 
exist over quite short distances on an ordinary chassis at high 
frequencies. 

Accordingly, it is obvious that the decoupling must be very 
thorough. The decoupling is very considerably helped if the 
length of leads is reduced to a minimum. Fig. 62 is a photo- 
graph of part of the under-chassis wiring of a vision receiver 
which has exceptionally good stability. It will be noticed that 
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an earth bus-bar of substantial section runs underneath the 
valve holders and transformer bases, which are mounted in 
line. The transformers have pin type connectors, which are 
very similar to valve holders, and are clearly shown in the 
photograph. This construction involves nothing other than a 
single large section earth bus-bar and the main h.t. bus-bar. 
Between these two points all the decoupling condensers and 


Fic. 62. UNDERSIDE OF THE VISION AMPLIFIER SHOWING SCREENING 
COMPARTMENTS, THE POSITION OF DECOUPLING CONDENSERS, 
AND ABSENCE OF SCREEN GRID AND CATHODE LEADS 


Note heavy earth bus-bar and h.t. line. In a large multi-stage amplifier, radiation 
of h.t. leads is preferable to common h.t. line 


resistances are connected. The decoupling condensers are 
soldered directly between the valve and transformer pins and 
the earth bar. The cathode resistances are in parallel with the 
decoupling condensers, and virtually there are no connecting 
wires whatever. Moreover, there is screening between each 
compartment which contains a valve base, and the connections 
of its associated transformer. The schematic lay-out of this 
receiver is shown in Fig. 63, which provides a compact form of 
chassis with very considerable inherent stability. Whilst 
reference has been made to the use of a substantial section 
earth bus-bar, it must not be imagined that liberties can be 
taken in the chassis, and a very thin flimsy tin plate chassis 
or one made of thin aluminium is likely to give very consider- 
able trouble. The ideal material is obviously copper, but this 
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is rather expensive, and quite satisfactory results can be 
obtained by the use of about 18 gauge steel. The screens on 
the transformers are preferably of copper, but very thick 
aluminium is fairly satisfactory providing that the screens are 
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Fia. 63. A SurraBLeE LAay-ouT FOR A COMPLETE VISION RECEIVER 


properly earthed. Great care must be taken in arranging the 
earthing, and the indiscriminate earthing of screens to various 
parts of the chassis is not necessarily satisfactory. Attention 
has been drawn to the decoupling condensers or by-passes on 


Fic. 64. ILLUSTRATING THE METHOD OF RADIATING THE 
HeatTeER LEADS 


the heater-wiring. Trouble is also likely to be introduced if 
the heaters are looped from one to the other in parallel. It is 
far better to use a radiated system, as shown in Fig. 64.- 
Complete radiation may be made from one point, whilst 1t may 
also be split quite satisfactorily. Much depends upon the actual 
lay-out and the frequency used in the amplifier. The question 
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of screening the valves has also been discussed earlier, and 
with a four-stage amplifier of the type concerned operating 
an intermediate frequency, this does not appear to be generally 
necessary unless the frequency is rather high. It may be 
mentioned here that should a very high intermediate frequency 
be employed, then the design and construction of the set 
becomes comparable with one which is intended to operate at 
the transmission frequency when very elaborate screening and 
earthing is necessary. Here nothing short of complete screening 
on each valve, heavy bonding, and a thick copper chassis 
throughout is likely to prove satisfactory for repetition work. 
Tuned Circuits. Frequency drift is obviously the most 
important consideration, and mechanical rigidity is essential. 
Assuming that the receiver is designed to operate on one 
transmission only, there is no need to provide large variable 
condensers. Good, mechanically robust, fixed condensers are 
entirely suitable for the tuned circuits with a small vernier on 
the oscillator tuner. This condenser should be placed in such 
a position that it is as far removed from temperature change 
as possible. In the intermediate amplifier it is obvious that 
very small capacitance changes would not have a very great 
effect, because the circuits are so flatly tuned. At the same 
time, if ten trimmers all varied by different amounts and in 
different directions, the frequency characteristic would soon be 
spoilt, and liberties cannot be taken. A good quality mica 
trimmer is quite suitable and can be used with confidence. ‘The 
superiority of an air dielectric condenser over a mica trimmer 
is frequently mentioned. This is a statement which is not 
always justified. Some tests recently carried out in the author’s 
laboratory under very exacting conditions proved that the 
temperature coefficient on certain makes of air dielectric 
condensers was far greater than that on certain types of mica 
condensers. Amplifiers have been used continuously for six 
months employing mica condensers in the intermediate trans- 
formers, and these have been found to give no appreciable drift 
over the period in question. The condensers concerned have a 
ceramic base, which probably helps the mechanical stability. 
The Time Base. For the double time base we have seen we 
can successfully use ordinary gas relays, of modern design. In 
Chapter V we have dealt with the design of a time base 
operating on this principle, and accordingly we need only 
reiterate the essential requirements. Linearity in scan is 
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vitally important, as otherwise an asymmetric picture is 
obtained. This we know is obtained by using a sufficiently high 
voltage, utilizing only a small portion of the charging time. 
The correct arrangement of charging condenser and resistance, 
line voltage and gas relay constants all control this important 
point. We know also that the fly-back time can be decreased 
by the inclusion of a fixed resistance between the earth line 
and the charging condenser. A bad fly-back time will give © 
trouble, more particularly on the line scan, and a picture that 
is perfectly synchronized but starts late is sometimes obtained 
owing to this reason. We know, too, the importance of a 
symmetrical amplifier and a balanced application to the tube. 
These points are vitally important, and if they are neglected 
the picture will be asymmetric, whilst the scan may be broken 
with a marked horizontal line with bad frame scanning, and a 
folded or condensed picture with a bad line scan. 

Synchronizing Circuits. We have found that we can make 
very successful use of the inverted diode type of synchronizing 
arrangement with a phase reversal and amplifying valve. If 
this is arranged to operate under the conditions shown ijn 
Fig. 55 of Chapter VI, very great stability with reference to 
interference is obtained. 

Tube Connection. Our tube is connected so that the d.c. 
component can be maintained, and is arranged so that the 
grid is joined directly to the anode of the last valve. This 
means that the cathode must be at a certain potential above 
so that the requisite bias is obtained. We have also to provide 
a means of obtaining the correct voltage on the first anode and 
also that on the second anode, so that the picture focus and con- 
trast can be adjusted. Potentiometers are used for this purpose. 

Power Supply. There is no reason why the whole of the 
power supply should not be obtained from a single transformer, 
although it is quite general to split the power pack into two 
or even three units. In the diagram in Fig. 65, which shows the 
complete vision receiver, use is made of a separate power pack 
for the high-voltage tube supply. The supply for the time base 
and receiver are also shown separately, but there is no objection 
to using a single transformer to supply the two h.t. units. 
Owing to the fairly heavy load of the vision receiver, it is not 
a practical proposition to use a single high-voltage rectifier 
for the electrostatic time base, and drop the necessary voltage 
for the vision set, because this is very wasteful. It is far better 
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to use separate smoothing and rectifying systems as shown. 
The power supply to the vision set, however, can be used for 
the sound receiver, providing, of course, there is adequate 
decoupling. Fig. 654 shows the components of this receiver. 

Sound Receiver. The sound portion of the equipment shown 
in Fig. 65 is comparable in every detail with ordinary broadcast 
reception practice. The oscillator circuits, of course, follow 
short-wave frequency changing practice, in that the grid 
condenser is small, the grid leak is low, and there is adequate 
mechanical stability in the tuning condenser. 

The intervalve transformers used in the intermediate 
amplifier are arranged to give as much gain as possible and are 
preferably coupled almost beyond optimum so that the band 
width tends to spread. This will overcome or compenaste for 
any slight drift that may be experienced on the oscillator. 
It should be remembered that the sound set is capable of giving 
far higher quality reproduction than an ordinary broadcast 
receiver, because no side-band cutting is necessary and, more- 
over, the higher harmonics are transmitted without any 
difficulty. This enables a really high quality sound set to be 
produced, and accordingly considerable thought should be 
given to the audio-frequency side of the receiver. The circuit 
shown, however, is a perfectly standard arrangement. 

The choice of the intermediate frequency has already been 
dealt with, and assuming that something in the region of 8 Mc. 
is chosen for the vision frequency, then the sound intermediate 
frequency should preferably be much lower, as this will help 
the gain and also ensure that there is no possibility of inter- 
action troubles of the type described. 

Receiver Lay-out. The greater the amount of screening used 
on the cathode tube, the more compact can be the arrangement 
of the various parts of the receiving system and in particular 
the power packs. If little screening is used on the tube, then 
the distance between the electrodes and the transformers 
supplying the power pack to the set must be made as large as 
possible. Usually something of the order of a foot to eighteen 
inches is necessary. The receiving set, time base, and sound 
set can be grouped quite closely round the tube if desired, so as 
to provide a compact arrangement. 

If the end of the cathode tube is viewed directly and not 
through a 45° mirror, then a rather clumsy and bulky arrange- 
ment results, unless the designer gives very considerable 
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thought to the disposition of the various parts. In any case 
some form of remote control is generally necessary if a compact 
arrangement is desired. This does not matter particularly, and 
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Fic. 66. A SurraBLE LAY-oUT FOR A COMPLETE VISION RECEIVER 
BUILT ON THE RACK PRINCIPLE 


in any case it is very advisable to have some form of non- 
conductive link in the shafts which control the anode voltages 
on the cathode tube. Provided everything is perfectly stable, 
and the earthing and bonding is good, the various positions of 
the parts of the equipment do not matter. It is advisable, 
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however, to keep the leads between the control grid of the 
tube and the output of the vision set as short as possible. A 
long screened lead is undesirable, owing to the added capaci- 
tance. It is a very good plan to arrange the design of the set 
so that the tube base is adjacent to the output valve when the 
connecting lead is only a matter of a few inches in length. 
Fig. 66 shows a drawing of a two-rack assembly very suitable 
for mounting in a cabinet for domestic use. This arrangement 
provides for direct viewing of the cathode screen, which in the 
author’s opinion is far better than the 45° mirror arrangement. 
This suffers from the defect of bad reflection from room lights, 
such as a standard lamp or a fire. Moreover, the mirror system 
limits the vertical height at which the picture can be viewed 
with comfort. Direct vision of the cathode screen enables a 
picture to be seen from any angle in almost any part of quite 
a large room and at any height. The slight loss of light due to 
mirror viewing is of no importance, but if the mirror arrange- 
ment is used then it is best to use a front silvered mirror so as 
to avoid optical distortion, when viewed from a slant angle. 

When the vertical arrangement is employed in conjunction 
with a mirror, all the components are simply arranged round 
the base of the tube which stands between them, and remcte 
control shafts are brought up to a panel level with the top o: 
the tube, which of course is in a horizontal plane. 

Receiver Adjustment. Assuming that no error has been 
made in the design of any part of the receiver, that is in the 
arrangement of the tuned circuits or the intermediate coupling 
transformers, and that there is nothing wrong with the wiring, 
it is only necessary to check the operating conditions and 
adjustments of the various parts. For this purpose a signal 
generator is required with an attenuator which will operate on 
the intermediate and fundamental frequencies. 

The intermediate amplifier is checked over in the manner 
previously described, working stage by stage from the de- 
modulator towards the input. Assuming that the frequency 
characteristic is correct, the set should then give a pattern 
on the screen when a modulated input is applied at the funda- 
mental frequency. The sound set should also give its full 
output when energized at the sound fundamental frequency. 

The method of checking the linearity and adjustment of the 
time base has previously been discussed, and it only remains 
to make final checks on actual vision transmissions. The vision 
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transmissions enable us to check over and adjust the syn- 
chronizing circuits. Control of the potentiometer which adjusts 
the operating point on the synchronizing diode, is the only 
part which is likely to require adjustment if everything else 
has been properly designed and connected. It is very easy to 
adjust this so that all signal content is removed from the 
synchronizing output. If the synchronizing circuits do not hold, 
it then shows that there is something wrong in the application 
network, and variation should be made in the resistance and 
capacitance combination between the output of the synchron- 
izing amplifying valve and the input of the gas relay. The 
types of faults which exist, their identification and method of 
rectification are described very fully in Chapter VIII. Assuming 
that a proper picture is being obtained, we are concerned only 
with fine detail. If we know that our amplifier characteristic 
is correct, the only adjustments we have left are the value of 
the diode load shunt condenser and the correction inductance 
in the anode circuit of the magnifying valve. We can, of course, 
also vary our diode load and the load resistance in the amplify- 
ing valve anode circuit. Speaking very generally, the lower 
the value of the two resistances, the more will the definition 
tend to improve, but if these are made too low, we know that 
we lose our overall gain and the picture brightness will fall. 
The correction inductance is very critical, and it has been shown 
that the value is not absolute but is determined in relation to 
the load resistance. This is best determined purely empirically. 
A very useful arrangement is a pair of small slab coils connected 
so that the mutual inductance can be varied. When the best 
value has been obtained, the coil should be removed, the value 
measured on an inductance bridge, and a new coil constructed 
having the required inductance. 

If this inductance is too large, phase trouble is likely to occur, 
and the picture may produce very bad echoes and extremely 
heavy correction in the form of very marked following whites 
on a leading black, and vice versa. 

Receiver Faults. It may so happen that the initial tests do 
not give the results which are anticipated, in which case one 
or more faults may exist. Unfortunately, the possible faults 
are very numerous, and accordingly we will consider in the 
next chapter the more usual troubles, their symptoms, and 
method of correction. 


CHAPTER VIII 
VISION RECEIVER FAULTS 


VISION receiver faults can be divided into two classes, those 
which prevent the set from working and those which cause it 
to function imperfectly. Faults of both types can occur either 
in a correctly adjusted existing receiver or in a model which 
has just been built. The latter is far more likely to have a 
number of faults which cause it to function imperfectly than - 
one which has been properly adjusted and used for some time. 

Amplifier Faults. A vision amplifier is open to three types of 
fault. It can fail to amplify, it can have a low gain, or it may 
be unstable. The operation of testing a vision amplifier is 
similar to that of checking over an ordinary broadcast set. 
One requires some form of output indicator such as an output 
meter, and a source of input power preferably in the form of a 
signal generator fitted with an attenuator. The amplifier, 
whether in a straight or superheterodyne receiver, is best tested 
backwards, applying the output of the modulated oscillator 
first to the transformer preceding the demodulator. If the 
output of the signal generator is low, however, it is necessary to 
apply it to the grid circuit of the valve preceding the demodu- 
lator. The gain can then be checked through the amplifier 
stage by stage. 

The presence of regeneration in the amplifier may possibly 
be noticeable by the output meter reading, but it is far better 
checked by cathode screen examination as explained later. 
In the case of a superheterodyne receiver a low output may be 
due to a fault on the frequency changer. Here the oscillator 
circuit should be examined in order to determine that sufficient 
voltage is being produced in order to give a reasonable conver- 
sion conductance. The voltage is best computed by measuring 
the grid-leak current on the oscillator valve or oscillator section 
of a frequency changing valve. 

Amplifier Characteristics. Attention has been drawn to the 
fact that a peaked or irregular amplifier characteristic will 
result in very bad picture quality. Bad quality is generally 
revealed in the form of bad definition, over-correction, or echoes, 
Accordingly, the amplfier characteristic should be immediately 
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checked. In the case of a superheterodyne, the amplifier should 
be examined for frequency characteristics stage by stage. The 
sional generator should be adjusted to the intermediate fre- 
quency, and the output should be connected to the grid circuit 
of each valve in turn, again working backwards from the 
demodulator towards the input. 

Several methods of testing can be adopted. In the first 
place the signal generator output can be modulated at an audio 
note, and the audio output can be measured on an output 
meter whilst the signal generator frequency is changed over a 
given amount on either side of the intermediate frequency, 
assuming, of course, that the double side-band system is used. 
If desired, the output can be examined by observing the raster 
formation on the screen. The time base should be adjusted to 
give any desired raster, preferably the normal raster for the 
set. The brightness should then be adjusted so that with no 
injected signal the screen is just dark. The generator should 
then be set to the intermediate frequency, and the brightness 
should again be brought down until it is just visible in dull 
light. Minute variations in output are clearly observable, and 
by sweeping the generator over the desired wave-band any 
peaks are immediately revealed as a marked increase in the 
intensity of the raster. This test, of course, can be carried out 
either with a modulation note present, or simply on the carrier 
in the case of a d.c. connected tube. 

In connecting the generator to the amplifier stage by stage, 
care must be taken to see that a very fully screened connection 
is made between the attenuator on the generator and the grid 
circuit of each valve. 

It is also preferable that the input should be a low impedance, 
as this prevents any possibility of instability arising. A little 
experience will soon show whether the amplifier is unstable 
simply by observing the general nature of the raster, particu- 
larly when a modulation note is present. 

It is extremely difficult to express in words the appearance 
of the picture on the screen with a regenerative amplifier. 
Examination of the photograph in Fig. 67 gives some indication 
of the appearance. Clean definition is lost, there is a general 
soft plastic effect on the high lights, and the whites tend to 
run into each other, whilst there may be a suspicion of hala- 
tion. A large white letter, for example, frequently has the 
appearance of being luminescent. 
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Screen Patterns. A picture may sometimes be marred by a 
pattern. Many combinations of various conditions will bring 
about various types of patterns. In the case of a superhetero- 
dyne receiver a pattern has been noted owing to insufficient 
screening in the intermediate amplifier when interference has 
actually been obtained between a short-wave telegraph trans- 
mission and the intermediate frequency. A pattern of this 
type generally varies, and may even take up a rhythmic 
appearance in sympathy with a morse transmission. A radio 
telephone station will produce a continuously varying effect. 

A more or less steady pattern may be produced by inter- 
action with the sound receiver oscillator when a separate 
oscillator is employed. This, of course, is easily determined 
simply by adjusting the sound oscillator. Very complex effects 
can occur through using the incorrect oscillator frequency on 
a vision superheterodyne receiver. It is probably safe to say 
that pattern trouble is more likely to occur on a single side-band 
receiver than in the case of a double side-band system. 

A photograph of a screen pattern is shown in Fig. 68. This 
has been artificially produced with the aid of various oscil- 
lators and it serves to indicate the type of pattern that may 
occur. Here it will be seen that there are a number of more 
or less vertical lines, and these have actually been very con-— 
siderably accentuated. In addition the diagonal herring-bone 
or wavy pattern can be clearly seen, but of lower intensity. 
Patterns which are more or less of this type fall into the category 
- which we are considering, and it should be a fairly easy matter 


to identify this form of defect. 


In any case a pattern due to an incorrect setting of the 
- oscillator frequency will immediately disappear on adjustment 
of the oscillator condenser, and providing the set is properly 
designed the correct setting will be accompanied by the best 
definition on the screen and therefore there is no difficulty in 
eliminating this trouble. Patterns as such, however, must not 
be confused with echoes or duplicate images. These can occur 
with over-correction. 

The reactive correction impedance frequently used in the 
anode circuit of a magnifying valve has the effect of giving a 
clear-cut outline to a picture. A leading white, for example, 
will have a following black, whilst a leading black may have a 
following white. The presence of over-correction accentuates 
this effect, and the remedy is obvious. If on reducing the 
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correction inductance the picture appears to be very appreciably 
without detail, it invariably shows that the amplifier character- 
istic is not sufficiently wide for the band of frequencies which 
is being transmitted. It should also be understood that over- 
correction can occur from any incorrectly adjusted input 
circuit to the first valve of a receiver. Use is sometimes made of 
a band-pass arrangement which particularly accentuates the 
higher frequencies, or a circuit which is designed for single 
side-band operation. Bad adjustment of such an arrangement 
will produce the effects described. 

Aerial Faults. Assuming that the amplifier and the complete 
receiver have been tested and are found to be functioning quite 
satisfactorily, and signals are still not received, the fault must 
either lie in the aerial or the transmission line. Poor results 
with vision receivers are very largely due to bad aerial systems 
or bad transmission lines. The importance of a correctly 
matched line to any aerial was stressed in Chapter IT. If the 
line is of the co-axial type, very considerable losses can be 
introduced should it become waterlogged, and occurrences of 
this type are by no means unknown. Some forms of twin 
parallel pairs are subject to the same trouble, but those com- 
prising conductors embedded in solid insulating material are 
generally immune from trouble. If nothing is the matter with 
the transmission line or aerial it is fairly easy to check the 
constants. It is preferable, of course, to remove completely 
the line and measure the propagation constants or simply the 
surge impedance and attenuation, as this will generally reveal 
all that it is desired to know. If this cannot be done, however, 
and the possibility of waterlogging is ruled out, the surge 
impedance can be calculated from the formula given on page 
17. It is quite easy to see therefore whether the line is correctly 
matched to the aerial. If it is found that the impedance is 
reasonably near to a suitable value, the aerial itself should next 
be examined. 

Here we are concerned with two possible sources of trouble. 
The first is unsuitable dimensions for the aerial, but a far more 
likely cause of trouble is a bad joint between the aerial and 
the line. This joint should be very carefully inspected and 
remade, and hermetically sealed if trouble is suspected. This 
inspection also enables the dimensions of the aerial to be 
checked. Assuming that these are correct it can be taken 
that the aerial equipment and the set are capable of giving 
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satisfactory results in the particular location. Hither the sensi- 
tivity of the set must be increased, or an effort must be made 
to improve the aerial conditions. There is little chance of in- 
creasing the sensitivity of the set without complete re-design. 
It is impossible to lay down any hard and fast rule as to the 
position of aerials in relation to their effective pick-up, or the 
actual field strength that is likely to exist in any locality, as 
so much depends on local conditions. If an aerial is giving 
results such that a picture is just visible, and the sound set is 
perhaps a little weak, it is fairly safe to say that satisfactory 
reception will be obtained if the aerial is fitted with a reflector. 
Increasing the height will definitely improve the results unless 
there is exceptionally bad local screening. If each increase in 
height shows a marked improvement in the results, it generally 
indicates a very bad locality, and the aerial may be considered 
to be more or less on the edge of the useful field strength. In 
this case every effort should be made to place the aerial as 
high as possible. 

There is a final remedy and one which should prove quite 
successful. This consists in placing what may be termed a 
transmission line repeater or amplifier somewhere in the line 
between the aerial and the receiver. It consists of an ordinary 
single valve screen-grid amplifier with very flatly tuned input 
and output circuits having a stage gain of the order of 2-5 to 
3:5 dependent upon what may be found necessary. The input 
and output consist of highly damped circuits with a very flat 
characteristic. Such an arrangement, however, should be used 
very carefully in order to guard against regeneration. The 
input and output should be exceptionally well screened. It is 
usually most convenient to place the line amplifier somewhere 
near the set and use a completely screened line between the 
output of the line amplifier and the input of the set. Unless 
this precaution is taken, regeneration is bound to occur. 

Cathode Tube Faults. It has been shown that the examina- 
tion and adjustment of a vision receiver is very similar to that 
of broadcast sound sets. All the other faults capable of spoiling 
the picture definition—and unfortunately there are many— 
are associated with the cathode tube or its control circuits. 
Here we must consider the tube and power supply, the time 
base and the synchronizing circuits. 

It is a very simple matter to check up the operating con- 
ditions of the tube itself. An electrostatic voltmeter or other 
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form of very high resistance meter reading up to about 6 000 
volts, with substantially no current loading, is all that is 
necessary. The voltage on the main anode should be checked, 
and also, of course, the bias on the control grid. It is as well 
to consider how inaccuracies in these adjustments will affect 
the picture. If the anode voltage is low, the brilliance of the 
tube will be low. Tube brilliance must not be confused with 


Fic. 69. THe PECULIAR EFFECT CAUSED BY OPERATING IN THE 
Derrocus ZONE ON FULL WHITE 


picture brightness which would be due to a low output from 
the set. 

We are concerned only with the maximum brightness which 
can be obtained from the raster when properly focused. A 
low anode voltage is revealed by low intensity and greater 
deflection sensitivity, which is observed as a very marked 
increase in the overall size of the sweep in both directions. If 
adjustment of the A, voltage will not focus the spot, it gener- 
ally indicates that the voltage ratio is wrong, and this can 
easily be checked by simple measurement. Lack of focus may 
also be due to an incorrect A, voltage and of course grid 
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voltage. If all these values are correct, and lack of focus is 
still observed, or alternatively a focus on part of the screen 
only, then it generally indicates far more serious faults. 

In the case of an electrostatic tube, we can go so far as to 
suspect the tube itself. Here an error in electrode assembly 
could be responsible. At the same time it must be very clearly 
understood that a poorly designed time base circuit with large 
stray capacitances and unequal impedances with respect to 
the deflection electrodes might produce such an effect. If 
another tube is available, this is obviously the easiest means 
of checking this point. 

In the case of magnetic deflection, bad focusing can be 
caused by bad coil design, but this is invariably revealed by a 
badly shaped raster. 

Unless the grid bias is correct a tube may easily operate in 
the defocus zone on full white, and in such a case the picture 
tends to have the appearance of Fig. 69. It will be noted that 
there is some similarity between this photograph and that in 
Fig. 67, which indicates what happens when regeneration is 
present in the receiver. It is very important to differentiate 
between the two effects. The defocus picture, however, may 
have quite good quality on adjacent blacks and half-tone, but 
the effect will be very pronounced on strong white. In the 
case of regeneration, the effect generally occurs over the entire 
picture, whilst there is the continuously plastic or luminescent 
appearance which has been referred to. 3 

Format Distortion. It is possible to obtain a picture which 
completely fills the screen of the cathode tube, but at the same 
time one which can have simultaneously eight different faults. 
The possible errors are as follows— 


(1) Wrong width. 

(2) Wrong height. 

(3) Asymmetric frame scan. 

(4) Asymmetric line scan. 

(5) Non-linear frame amplification. 
(6) Non-linear line amplification. 
(7) Non-linear frame scan. 
(8) Non-linear line scan. 


It is not quite as easy to obtain a correct picture format 
as might be imagined. In producing a scan length of de- 
sired width or height, several conditions have to be satisfied 
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simultaneously. In order to obtain the desired deflection, we 
simply have to apply the correct deflection voltage to the 
plates of an electrostatic tube or the correct field to a 
deflection coil with a magnetic tube. 

It has been previously shown that the voltage output of the 
gas relay is very intimately connected with the linearity of 


Fia. 70. THe TRAPEZIUM Errect DUE TO AN ASYMMETRIC APPLICATION 


Note the difference in the length of the line A and the line B. The presence ofa . 
50-cycle mains ripple can be clearly seen at C and D 


the sweep, and therefore, having derived the maximum linear 
voltage which is possible, the final voltage adjustment must. 
be carried out on the amplifying valves only. These, too, must 
amplify linearly and they must be applied symmetrically to 
the tube in the case of electrostatic deflection. Asymmetric 
application to the tube in either direction will produce what 
is generally referred to as a trapezium effect. Sometimes a 
pure symmetrical wedge shape is obtained, but quite frequently 
a very irregular trapezium is developed. When greater ampli- 
fication is used in one valve than with the other, whereby the 
voltages on the deflection plates are not symmetrical with 
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(a) 


Fia. 72. FoutpEep Pictures DuE To NON-LINEAR 


In (a) the picture folds at A owing to the first line amplifying valve 
running into grid current. There is decided lack of focus in the zone 
B, as the paraphase valve is hardly amplifying. In (6) both the line 
amplifying valves are running into grid current; the picture is again 
folded at C, the fold being far more advanced than in (a). The zone 
corresponding to B in (a) is now in focus, although in a badly dis- 
torted proportion. Both (a) and (b) show halation distortion owing 
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AMPLIFICATION AND ASYMMETRIC APPLICATION 


to the long-time exposure; (c) and (d) are folded in the frame direc- 
tion. This effect is due to the paraphase valve running into grid 
current, whereby the scan is opened. This fault is of value when 
applied intentionally for the purpose of examining interlace; (c) shows 
a badly paired interlace at D, whilst (d) shows a perfect interlace at EH. 
When condensed, (c) would have the effect of coincident lines, whereby 
the line formation would show on the screen and the picture definition 
would be considerably impaired 
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respect to the main anode, what one may term a more or less 
symmetrical trapezium is obtained. This is shown in Fig. 70. 
When a balanced application is used, a perfect square or 
rectangle is obtained on the screen. This, however, may be 
quite useless because even if a symmetrical application is 
obtained, the amplification may be non-linear. 

If one valve runs into grid current, then a split scan or 
marked line is obtained. This is shown very clearly in Fig. 71. 
This particular photograph shows a split scan in the frame 
direction. If the amplifier runs into grid current on the line, 
then the picture tends to fold over badly, and a very distorted 
condensed effect is obtained. This is shown very clearly in 
Fig. 72. | 

It is possible to obtain the correct picture format, symmetri- 
cal application to the tube, and symmetrical amplification, but 
at the same time have a non-linear sweep. 

A non-linear frame sweep is, of course, immediately apparent 
on the screen when receiving an actual picture because the 
picture will be very condensed towards the base, and drawn 
out towards the top. It is possible to test the linearity of the 
frame sweep simply by endeavouring to observe the gap 
distance between the lines. It is impossible to do this accurately 
when the line sweep is adjusted for British vision reception. 
The linearity can only be determined by measuring the distance 
between successive lines, and this is not possible unless the gap 
distance is quite appreciable. A large condenser can tempor- 
arily be connected to the line gas relay which spreads out the 
lines, but a far better method is to make no alteration to the 
receiver and simply to observe the effect of receiving on the 
screen an image due to the application of a modulated signal 
applied to the input of the receiver. A modulated oscillator 
when applied to a vision receiver gives a number of horizontal 
bands, the distance apart being determined by the frequency 
of the modulation note. An ordinary 400-cycle note gives 
quite a useful distance, and it is obvious that the width of the 
band and the width of the gaps will give an indication of the 
linearity of the frame sweep. 

This effect is shown in Fig. 73, from which it will be seen 
that the particular frame sweep is not exactly linear. Mere 
inspection of the raster will not show whether the line scan is 
linear. This can be determined experimentally if no signal is 
present by a method which has been found extremely useful. 
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It simply consists of producing an interference picture on the 
screen by simultaneously injecting two signals. A 400-cycle 
modulated oscillator operating at the vision frequency can be 
injected which will give horizontal bars of the type described. 
Another oscillator can be adjusted and if desired arranged to 
operate at the intermediate frequency with a superheterodyne 


Fic. 73. HorizonraL BANDS PRODUCED By APPLICATION OF A 
MODULATED OSCILLATOR TO THE VISION RECEIVER 


Here the increasing distance between the bands and the increase in band width 
is clearly shown. In addition, the unequal brightness or focus on the tube is 
apparent, whilst raster distortion can also be seen. 


receiver. By suitably adjusting the frequency of the second 
oscillator, it is possible to cut the whole raster into a series 
of more or less rectangular patterns. If the line scan is linear, 
there will be an equal spacing of the vertical gaps which are 
produced by the interference of two inputs. If the line scan 
is not linear, then the elements will be very crowded at one 
end. 

The photograph in Fig. 74 shows the effect of non-linear 
line scan upon an actual picture. The remedy for non-linearity 
in either the line or frame scan has been fully considered in 
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Chapter V. At the same time, it should be understood that a 
slightly non-linear scan can be tolerated, but if it is excessive 
then the whole picture is very considerably spoilt. 

If a cathode-ray oscillograph equipment is available, the 
linearity of both the line and frame scan can obviously be 
accurately determined, provided of course that the oscillograph 
equipment itself has sufficient accuracy. A small oscillograph 
using a tube having a diameter of a few inches cannot be relied 
upon to indicate the linearity of a scan too accurately, and it 1s 


Fic. 74. Tuer Errect oF A NON-LINEAR LINE ScAN UPON A PICTURE 
This should be a symmetrical cross 


for this reason that the systems which have been described 
are preferred. | 

Contrast. The aim of the television engineer should obviously 
be to produce a transmission and reception technique such 
that no adjustment of the tube controls is necessary. In other 
words, the relative tone value of the picture should be main- 
tained on all types of transmissions. At the moment, and 
particularly when light conditions vary, better results are 
frequently obtained if the contrast is varied. 

Figs. 75 and 76 are two photographs showing in the first 
place, a portion of the received image, in which the contrast 
is insufficient, and the second an image with too great a 
contrast. The importance of the correct balance and tone value 
cannot be over-emphasized, and in designing a receiver it has 
already been pointed out that the brilliance control should not 
be too coarse or critical in action. The remedy for this defect 
is nothing other than the correct adjustment of the tube to 
give the right light value. 
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Curvature Distortion. When a picture having a format of 
10 in. by 8 in. is put on a 12 in. tube, it is obvious that the 
corner of the picture will tend to come on the curved edge of 
the tube and there will be a certain amount of distortion or 
non-focus. The amount depends entirely upon the degree of 
curvature which is on the tube and also on the design of the 
electrode assembly which affects the focus at this point. As 
a rule, it is more marked with an electrostatic tube than with 
an electromagnetic type. Fig. 77 shows a portion of a received 
image in which the effect of curvature distortion is clearly 


Fig. 76. Too GREAT A CONTRAST GIVES A HARD COLD EFFECT 
AND AGAIN IMPAIRS THE DEFINITION 


This is actually part of the familiar interval signal picture 
Note also complete lack of interlace 


noticeable. Actually this does not appear to matter very much 
in practice, and although there is a noticeable curve on the 
first few letters of the word “Television” the letters are reason- 
ably sharp. This photograph was actually taken on an electro- 
static tube. The fact that these letters are sharp although 
curved indicates that the tube is well designed and also that 
there is little wrong with the deflection circuit constants. It 
will be noticed that this particular photograph also shows the 
tube incorrectly adjusted for brilliance. The amount of light 
on the letters and the background tends to be rather similar, 
which shows that the brilliance adjustment was advanced too 
far. 

Synchronizing Faults. It has been shown that for the time 
base to operate correctly it must comply with no fewer than 
eight different requirements, or ten if we include correct focus 
and correct brilliance or contrast. Even then no picture will 
be obtained unless at least two or more further conditions are 
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fulfilled. The line synchronism must be perfect as well as the 
frame synchronism. In addition, correct interlacing must be 
obtained unless much of the definition is to be lost. 

If any of the picture content is allowed to influence the 
synchronizing circuits the synchronism will be completely 
upset. Fig. 78 shows the type of image which is obtained 
when picture voltages affect the synchronizing circuit. This 


Fig. 78. THe Erreoct oF PIcTtTuRE CONTENT IN THE 
SYNCHRONIZING CIRCUIT 


Note the complete break-up of the picture in the zone such as A and very bad 
alignment in the zone B. Note also the incorrect picture front 


particular picture is very instructive as it indicates clearly the 
manner in which the synchronizing circuit should function. 
The words “Television Service”’ are completely out of alignment, 
which is due to the fact that the modulation frequencies 
corresponding to these words are affecting the synchronizing 
circuit. If some voltage, and in this case probably full white, 
or a proportion of it, is affecting the synchronizing circuit, it 
may be wondered why the letters ““B.B.C.”’ are more or less 
correct. If we examine the conditions, it will be readily 
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appreciated that, when the letters ““B.B.C.” are being trans- 
mitted, the line sweep has only attained about half the voltage 
and accordingly a small impulse applied to the line gas relay 
or other time base at this instant would probably not affect it 
at all. This is actually the case. When, however, the last 
few letters of the word “Service” are reached, a sufficient 
voltage is applied to the synchronizing circuit at this point 
to cause it to trip, and as a result the synchronizing on the 
lines corresponding to the words “Television Service” is com- 
pletely lost. The obvious remedy is to examine the operating 
conditions of the synchronizing circuit and make quite sure 
that it will only deliver voltages at ‘“‘ blacker than black”’ levels. 

It may be wondered why the top border line, that is the full 
white, has not upset the synchronizing circuit. This particular 
photograph was taken with an arrangement in which the 
synchronizing circuit is coupled through a condenser-resistance 
network obviously involving a time constant. It follows, 
therefore, that if a picture potential due to full white affects 
the gas relay somewhere in the region of C, the voltage will 

not be sufficient to cause it to collapse. Owing to the time 
constant of the resistance-condenser coupling, the voltage will 
have become sufficiently reduced near the end of the line when 
the gas relay is in a critical condition for it not to be affected. 

Part of the lines will be found, for example, in the zone D, 
which is beyond the normal frame of the picture. This shows 
that the line gas relay circuit is very badly adjusted. When 
the synchronism is lost, the gas relay tends to generate at its 
natural frequency and the output at this frequency is very 
different from what it is when under control, and the amplitude 
is actually increased. The very serrated edge of the picture in 
the badly synchronized portion shows that the line gas relay 
is under the influence of an extremely powerful synchronizing 
pulse and that its natural frequency and amplitude is very far 
removed from that at which it is being made to work. These 
are conditions which are definitely undesirable. 

The photograph in Fig. 79 shows another type of fault, 
which may occur in a line synchronizing circuit, although it is 
not very usual. Here the synchronism is maintained fairly 
accurately line for line, but the phase is totally incorrect. The 
beginning of the picture is actually starting somewhere about 
the middle and the remainder is on the left-hand side. The 
picture in question simply consists of white squares which are 
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sometimes used for test purposes. It is interesting to note that 
““pictures”’ of this type can be produced electronically, that is, 
simply by modulating the carrier with an electrically generated 
signal having a wave-form which would give the type of picture 
in question. Trouble of this type may be due to a totally 
incorrect application network, between the output of the 


Fig. 79. cee Peon OF THE LINE SWEEP 


Other trouble occurs at A. There is marked side-tube curvature distortion at B, 
whilst the non-linearity of the frame sweep is very marked as will be observed by 
examining the picture along the zone C 


amplitude filter and the gas relay or other part of the time 
base that may be employed if hard valves are used. 

It can also be due to a very weak condition in which the 
whole time base is more or less ‘‘floating.’’ This type of result 
is sometimes obtained when the input to the receiver is rather 
low, whilst it may again be due to a badly designed network. 
A very similar effect is sometimes produced by too fast a’ 
line speed. 

There is yet another type of line synchronizing trouble 
which is generally due to an unsuitable time constant, or 
alternatively a very strong pulse. Here it will be noticed, in 
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Fig. 80, that the first part of the picture is apparently syn- 
chronizing fairly well, but the latter part is completely un- 
controlled. An effect of this type is not likely to occur in any 
existing receiver, which has previously operated properly, but 
it may be observed during the development or experimental 
stages, and alteration of the time constant in the application 


Fia. 80. Tue Errect oF Too STRONG A PULSE OR AN UNSUITABLE 
APPLICATION NETWORK 


Bad synchronism is noted at A and B, whilst non-linearity of frame scan is 
seen along the zone C 


network or the magnitude of the applied pulse will generally 
correct it. 7 

Frame Synchronism. Synchronizing difficulties will be 
experienced if the frequency of the line and frame scan are 
not sufficiently near to the desired frequencies. An unsuitable 
frame frequency generally results in a slip of the type in 
Fig. 81, or if it is badly inaccurate the picture may tend to 
fold over. In the case of a slow line scan speed, the picture 
_ generally tends to curl sideways, such a curved effect being 
obtained from the top right-hand corner, whilst there is 
generally a marked curvature or slope about the top portion 
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of the picture. A line scan which is much too fast generally 
fails to synchronize. 

Multiple Pictures. Incorrectly adjusted synchronizing cir- 
cuits will give multiple pictures when the line and frame scans 
are so inaccurate that they bear a simple relation to the correct 
values. For example, a line frequency of about half the correct 
value will generally “pull in” so as to give two pictures side 
by side having half the number of lines. 

The pictures, of course, have an inaccurate format, they are 
very distorted owing to the wrong dimensions, and they lack 
detail owing to the wrong number of lines. A frame speed of 
half the value will give two pictures one under the other, 
again with a distorted format. A combination of half-line and 
half-frame speed will obviously give four pictures. A still 
slower frame speed will generally hold as many as six pictures, 
provided the synchronizing circuits exert a strong hold. 

Non-interlacing. On an interlaced transmission the fine 
detail and quality will obviously be lost if use is only made of 
half the scanning, which is what occurs when an interlaced 
picture is not obtained. It is frequently suggested that the 
correct interlacing of a received picture is most difficult. This 
may be the case if the synchronizing circuits are poor, but if all 
the important points which have been mentioned are carefully 
considered, there should not be the slightest difficulty in obtain- 
ing a perfectly rigid and constant interlacing action. Experi- 
ence soon shows by mere inspection of the picture whether it is 
interlacing or not. One very general test is to turn the picture 
brilliance up to such an extent that the “blacker than black” 
level is actually represented by a certain amount of brightness 
on the tube screen, which means that the frame fly-back should 
then be visible. The exact formation of the fly-backs depends 
very largely upon the type of time base used, and the fly-back 
time. There is usually a marked dissimilarity between a hard 
time base fly-back and that of a gas relay. In the case of a 
gas relay, or for that matter any type of time base, when it is 
freely running, an intermittent and irregular fly-back action 
is generally noted. This is due to the return of the spot from 
the end of the frame scan to the commencement of the first 
line. These fly-backs fall from the top of the raster somewhat 
in the manner of a number of jets of water. When, however, 
the raster is under definite control, the fly-backs will be simi- 
larly controlled. In the case of an interlaced transmission 
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there should obviously be two fly-backs, and these by definition 
should be spaced half a line apart, each fly-back corresponding 
to the respective frame scans. The author has found, however, 
that it is quite possible to obtain fly-backs which are half a 
line apart, but under these conditions the interlacing may not 
be correct. Apparently the only really reliable method of 
establishing interlace, is to open out the scan so that the two sets 
of lines can be clearly seen. This is most easily achieved by 
very heavily over-driving the amplifier which feeds the de- 
flector plates in an electrostatic tube or the coil in a magnetic 


Fig. 82. THe Erreot OF THE CORRECT FREQUENCY CHARACTERISTIC 


Note the clean-cut edge of the lettering, and the absence of any echo or 
duplicate image 


tube. In the case of an electrostatic tube this condition is 
very easily produced by applying far too great a voltage to 
the paraphase valve, simply by using an incorrect potentio- 
meter connection. If this is done, the lines will be opened out 
so that a distance of anything from one-sixteenth to an eighth 
of an inch is easily obtained between them. Under these 
conditions the two sets should be correctly interlaced with an 
equal distance between them. This test shows very clearly 
whether the lines are tending to form in pairs, actually 
superimposing, or whether they are interlacing correctly. 
(Fig. 72 (d).) | 

Lack of interlace may be due to bad frame speed, an unsuit- 
able time constant of the application network, or an unsuitable 
magnitude of the applied voltage. In addition, there are two 
further causes. One is interaction between the line and the 
frame time base, which can produce a locking effect. This 
point has been dealt with very clearly in Chapter V, dealing 
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with the design of time base circuits, and also when considering 
the design of an actual receiver. A final cause is interaction 
with a 50-cycle mains supply which may be quite sufficient 


to take charge of the trigger action of the frame gas relay. 
Figs. 83 and 84 show the appearance of the line formation 


Fia. 84. PHoTOGRAPH OF A TELEVISION IMAGE OF TAPESTRY 
Work, AGAIN TAKEN WITH A SLIPPED INTERLACE 


Another excellent type of image which is useful for studying phase effects 


which is due to the two scans failing to interlace. It should 
not be imagined, however, that when a picture is properly 
interlaced no line formation will be visible. This depends 
entirely upon the size of the format in relation to the size of 
the spot which is actually being formed on the screen. A little 
experience, however, will soon show whether line formation is 
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due to superimposed frame scans, pairing, or perfect interlace 
with a small spot on a large format. 

Picture Quality. Certain types of lettering or plain black 
and white designs are very useful for experimental and adjust- 
ment purposes, as the manner in which these letters are 
reproduced is a very good indication of the overall quality of 
the receiver. The standard tuning note title consists of white 


Fic. 85. Errect ON THE RASTER OF MAINS RIPPLE, 
which produces dark horizontal bands 


letters on a black background. If the input of the receiver is 
reduced and the brilliance control is turned up, it is very easy 
to see whether there are any appreciable echoes due to phase 
shift or undue over-correction. Similarly a black letter on a 
white background is very useful, but the best of all is a hard 
black and white pattern. Figs. 82 and 83 show two photo- 
graphs taken from a television programme of a review, one 
being a title, and the other a stage set for a dancing act. Fig. 84, 
a black, white, and half-tone study is another useful picture. 
Particular attention is drawn to the clear-cut definition of the 
black letters on the white background, and the complete 
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absence of any ‘‘fuzzy” edge or any echo. The squared floor 
in the second photograph again has a very clean-cut appear- 
ance and there is no noticeable following black on a leading 
white or a following white on a leading black in any of the 
illustrations. 

A.C. Ripple. Finally attention must be drawn to the 
presence of an a.c. ripple which does much to spoil the picture 
quality. This frequently cannot be observed in ordinary light, 
but if the room is darkened, and the tube turned down to 
almost black level, the presence of any residual a.c. ripple is 
clearly shown. Fig. 85 illustrates the form which this generally 
takes, marked black bands appearing across the screen. ‘These 
bands should be quite free. If they are stationary it generally 
indicates that there is some interaction between the mains 
and the time-base, and should this occur, correct synchronism 
is likely to be very difficult. 

Conclusion. The faults illustrated in this chapter are some 
of the more usual which are likely to occur. Unfortunately 
it must not be imagined that they represent the sum total of 
everything that may go wrong, because this is far from the case. 
An almost unlimited number of peculiar effects are sometimes 
observed, but the engineer should have no difficulty in 
identifying the class to which they belong and it should then 
be quite a simple matter to rectify whatever trouble may arise. 


APPENDIX 
A SCANNING AND CONTROL SYSTEM 


Time bases employed for scanning purposes are generally 
divided into two classes, self-running, and driven. In a driven 
time base the device is entirely under the control of the trans- 
mitter. A self-running time base is again to some extent under 
the control of the transmitter, but it is arranged so that it 
functions almost independently of the synchronizing impulses. 
In other words, it generates the desired output at substantially 
the correct frequency, and once it has commenced to generate 
in this manner, the function of the synchronizing impulse is 
merely to maintain it accurately, in synchronism. If a time 
base is exceptionally constant, it is then quite possible to 
remove the controlling impulse for a short interval, and on 
subsequently applying it, the time base is still in synchronism. 

It is generally considered that the driven time base is not a 
very satisfactory device, and most writers on the subject state 
that the general performance in no way compares with that of 
the self-running time base. As the author has not made com- 
parative tests of the two systems under all conditions, it is not 
proposed either to agree or disagree with these statements. 

In a self-running time base only an extremely weak syn- 
chronizing impulse is required to bring the time base into 
synchronism and the free running period has almost to approach 
the correct running period. When under weak control it is 
very obvious that slight variation in the constants of the time 
base valve, the working voltages, and actual values of resis- 
tances and capacitances will affect the free running speed, and 
accordingly one must assume that the arrangement will be 
quite critical in the initial adjustment, after which perfect 
synchronism should be very easily achieved. Practical 
experience shows that this is the case. 

The gas relay tube originally fell into disfavour because it 
tended to alter its operating conditions, not only from day to 
day, but almost from minute to minute, which necessitated 
constant readjustment of the free running speed. This is one 
of the main reasons why the hard time base became popular. 

It was felt that critical adjustments in a vision receiver 
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should be reduced to a minimum, and accordingly an attempt 
was made to find some scanning and control system which 
permitted of wide tolerances, even to the extent of changing one 
gas relay for another during operation. It was obvious that if 
this could be achieved, there would be no necessity to provide 
manual controls for adjusting the line and frame speeds. 

A gas relay fires when a critical voltage is reached on the 
anode. Round about the critical anode voltage a minute change 
in grid voltage is sufficient to bring about ignition. Similarly 
fairly small changes in the applied voltage or in a condenser 
or resistance will all affect the time at which the critical anode 
voltage zone is reached. Accordingly, it seemed desirable to 
operate the gas relay in such a manner that the synchronizing 
voltage was applied at an instant when the anode voltage was 
far removed from the critical zone. One therefore visualizes 
what can be termed a quasi-driven system, or one utilizing a 
very much stronger synchronizing impulse than has previously 
been thought desirable, together with the application of this 
impulse at a time when the anode voltage is removed from the 
critical zone. 

It should be realized that there is a very great difference 
between applying a strong synchronizing signal with a self- 
running time base, in which the signal is applied when the 
anode voltage is in the critical zone, and one in which the 
signal is applied outside that zone. If the application circuit — 
is such that a strong synchronizing pulse is applied to a time 
base running nearly at the correct speed, at a fraction of a 
second before the synchronizing time, the anode voltage will 
be in the critical zone, and a lower potential than a strong 
synchronizing potential (which might be due to interference) 
will be quite sufficient to cause the time base tube to collapse. 

In the author’s arrangement, a pulse almost approaching in 
intensity the synchronizing pulse applied when the anode 
voltage is outside the critical zone will not be sufficient to 
cause the tube to ignite, because the controlling action of a 
synchronizing pulse of high magnitude applied outside the 
critical anode voltage zone is comparable in effect to a weak 
pulse applied within that zone. As a result, one obtains a 
system which, as far as it can be determined, has the same 
reputed attributes of a self-running time base with a weak 
signal, but it makes the time base immune from the effect of 
almost colossal variation in the constants of the network, 
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voltages, and the tube itself. Practical tests have shown it 
possible to replace a gas relay of one manufacture by that of 
another during a programme, without in any way upsetting the 
functioning of the receiver. 

_In using such a system very considerable thought and care 
is necessary in deriving the synchronizing pulse, as other- 
wise many troubles may arise. It is, of course, very important 
in amplifying a synchronizing pulse or passing it through 
any filter arrangement whatever, to maintain as nearly as 
possible the correct wave front. In the author’s system it is also 
very important to ensure that this pulse is maintained at a 
reasonably constant magnitude, and also that the output of 
the application network is as free as possible from interference. 
Tests have indicated that the circuit shown in Fig. 65 in 
Chapter VII is entirely successful, but certain modifications in 
the operating conditions are made. The separation diode is 
arranged to conduct somewhere below the 30 per cent mark, 
but the phase reversal valve is arranged as a limit amplifier, 
the anode voltage being made fairly low and the screen voltage 
somewhat higher. Less distortion of the wave front of the 
synchronizing pulse is likely if a d.c. coupled application 
network is employed, but this does not seem to be essential. 
Simple analysis of these circuit conditions will reveal the fact 
that such a network applies a synchronizing pulse with reason- 
ably well-maintained wave front, providing, of course, that 
the values in the network are suitably chosen. Such an 
arrangement was found under a practical test to function very 
effectively at a distance of more than 60 miles from the B.B.C. 
transmitter at Alexandra Palace under conditions where the 
field strength is exceptionally low, and the interference to signal 
ratio is very poor. 

Comparative tests seem to indicate that the arrangement 
is far less susceptible to interference than many other systems, 
whilst manufacturing tolerances are high, and line and frame 
speed adjustment or hold controls can be completely eliminated. 

In designing a scanning system, the values of condenser and 
charging resistance are adjusted to give a free running period 
very far removed from the correct speed for the desired number 
of lines and frames, as otherwise the synchronizing pulse will 
be applied at a time when the anode voltage is too near the 
critical zone. Under these conditions exceptionally large 
tolerances are possible, both in the high-tension and heater 
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voltage and also the values of the resistance and condensers. 
It is found in practice that it is convenient to arrange a pre-set 
control in the form of a potentiometer on the grid circuit of the 
frame gas relay so that a suitable magnitude is obtained. 
When a very simple application network of the type shown 
in Fig. 65, in Chapter VII, is employed, the adjustment of this 
potentiometer will control very accurately the interlace. Once 
this has been adjusted there is no need for any further attention. 
Fixed bias resistances can be employed in the auto-bias circuits 
of both the line and frame gas relays, and similarly, of course, 
only fixed resistances are necessary in the charge circuits. 
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Ph.C., and F. N. Appleyard, B.Sc., F.1.C., Ph.C. Second Edn. 


Prarmacocnosy, A TEXTBOOK OF. Part J-—PRACTICAL. By 
W. J. Cooper, Ph.C., T. C. Denston, B.Pharm., Ph.C., and 
M. Riley, A.M.C. } ; : . ; 

PHARMACY, A COURSE IN PRACTICAL. By J. W. Cooper, Ph.C., 
and F. N. Appleyard, B.Sc., F.I.C., Ph.C. Second Edition . 

*PHYSICAL SCIENCE, PRIMARY. By W. R. Bower, B.Sc. ¥ 

TuTORIAL PHarmacy (Being Second Edition of Pharymacy, 
General and Official). By J. W. Cooper, Ph.C. . : 

VOLUMETRIC ANALYsIsS. By J. B. M. Coppock, Ph.D., B.Sc., and 
J) B. Coppock, .B.Sc.;(Lond.), B.C.) B.C,S. Third Edition 

* VOLUMETRIC WoRK, A COURSE OF, By BE) Clark B.Sc), 


FOUNDRYWORK AND METALLURGY 


ALUMINIUM AND Its ALLoys. By N. F. Budgen, Ph.D., M.Sc., 
B.Sc. (Hons.) 

BALL AND ROLLER BEARINGS, HANDBOOK ON. “By A. Ww. 
Macaulay, A.M.I.Mech.E. ; 

ELECTROPLATING. ByS. Field, A.R.C. Sc., and A. Dudley Weill, 
Second Edition 

ENGINEERING MATERIALS. Vol. I. FERROUS. By A. W. Judge, 
Wh.Se.,,A.R.C.S.. 

ENGINEERING MATERIALS. Vol. Il. Non-FERROUS. By "AL W. 
Judge, Wh.Sc., A.R.C.S. 

ENGINEERING MaTErRIats. Vol. III. THEORY AND TESTING 
oF Materiats. By A. W. Judge, Wh.Sc., A.R.C.S. 

ETCHING, METALLOGRAPHERS HANDBOOK OF. Compiled by T, 
Berglund. Translated by W. H. Dearden 

FOUNDRYWORK AND METALLURGY. Edited by eo ia “Rolfe, 
F.I.C. In six volumes. . . Each 

IRONFOUNDING, PRACTICAL. By i. Horner, AM. im M.E. Fifth 
Edition, Revised by Walter J. May ‘ 

Iron Rotts, THE MANUFACTURE OF Cumien. By nN Allison i 

METAL Work FOR CRAFTSMEN. By G. H. Hart, and Golden 
Keeley, A.M.Inst.B.E., M.Coll.H. 

Mertrat WorRK, PRACTICAL ‘SHEET AND PLATE. By E. A, Atkins, 
A.M.I.M.E. Third Edition, Revised and Enlarged 

METALLURGY OF BRONZE. By H. C. Dews 

METALLURGY OF CasT IRON. By J. E. Hurst 

METALLOGRAPHY OF IRON AND STEEL. By C. Hubert Plant, 
F.I.A.C. " 

PATTERN MAKING, THE ‘PRINCIPLES oF. By ‘F Horner, 
A.M.I.M.E. Fifth Edition . ; : 4 , ‘ 
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Foundrywork and Metallurgy—contd. $: 
PIPE AND TUBE BENDING AND JOINTING. ByS.P.Marks,M.S.1.A. 6 
PyromETERS. By E. Griffiths, D.Sc. 7 
SPECIAL STEELS. Founded on the researches of Sir Robert 
Hadfield, Bt., 'D.Sc., D.Met., etc.) By T..H. Burnham, B.Sc: 
(Hons.), A.M.I.Mech.E., M.I.Mar.E. Second Edition peed 
SrEEL Works ANALYsIs. By J. O. Arnold, F.R.S., and F. 
Ibbotson. Fourth Edition, thoroughly revised . : AS & 
WELDING, ELEctric. By L. B. Wilson. . : BPM, 
WELDING, ELECTRIC ARC AND Oxy- ACETYLENE. By Bua 
Atkins, A.M.I.M.E. Second Edition. i 7 
WELDING, ELECTRIC, THE PRINCIPLES OF. By R. @ Stockton, 
A.I.M.M., A.M.C.Tech. . : 7 
WORKSHOP GaucES AND MEASURING APPLIANCES. By ia; Burn, 
A.M.I.Mech.E., A.M.I.E.E.  . : : ° . Me i: 
MINERALOGY AND MINING 
CoaL CARBONIZATION, HIGH AND Low TEMPERATURE. By John 
Roberts, D.1.C., M.I.Min.E., F.G.S.. : 25 
CoLLIERY ELECTRICAL ENGINEERING. By G. M. Harvey. 
Second Edition . 15 
ELECTRICAL ENGINEERING FOR MrninG STUDENTS. By G. M. 
Harvey, M.Sc., B.Eng., A.M.I.E.E.. ; 5 
ELEcTRICcCITY APPLIED to MINING. By H. Cotton, M. B. rae 
D.Sc,, A.M.LE.E. 35 
ELECTRIC MINING Macuin ERY. By Sydney F. ‘Walker, M. I. E. jon 
M.1.M.E., A.M.1.C.E., A.Amer.I.E.E. : 15 
INTERNATIONAL COAL CARBONIZATION. By John Roberts, 
D.I.C., M.I.Min.E., F.G.S., and Dr. Adolf Jenkner . Baas Lo 


MINERALOGY. By F. H. Hatch, O.B.E., Ph.D. Sixth Edition 6 


MINING CERTIFICATE SERIES, PITMAN’s. Edited by John 
Roberts, D.I.C., M.I.Min.E., F.G.S.— 


Mininc Law anp Mine MANAGEMENT. By Alexander 


Watson, A.R.S.M. 8 
MINE VENTILATION AND LIGHTING. By C. D. Mottram, 
B.Sc. ; 8 
COLLIERY EXPLOSIONS AND "RECOVERY ‘Work. By J. Ww. 
Whitaker, Ph.D. (Eng.), B.Sc., F.I.C., M.I.Min.E.. ; 8 
ARITHMETIC AND SURVEYING. By R. M. Evans, B.Sc., 
F.G.S., M.I.Min.E. 8 
MINING MACHINERY. By hp Bryson, A. R. 1 C. ,MI Min E. 12 


WINNING AND WORKING. By Prof. Ira C. F. Statham, 
B.Eng., F.G.S. M.1.Min.E. f ; ; y Mina 
MINING SCIENCE, A JUNIOR CouRSE IN. By Henry G, Bishop. 2 
Tin Mininc. By C. G. Moor, M.A. : : ; 4 es 
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CIVIL ENGINEERING, BUILDING, ETC. 
CIVIL ENGINEERING, BUILDING, ETC, 


ARCHITECTURAL HYGIENE; OR, SANITARY SCIENCE AS 
APPLIED TO BUILDINGS. By Sir Banister Fletcher, M.Arch. 
(Ireland), F.S.1., Barrister-at-Law, and Major H. Phillips 
Fletcher, D.S.O., F.R.1-:B.A,, F.S.1., etc. Sixth Edition .. 
ARCHITECTURAL PRACTICE AND ADMINISTRATION. By H. 
Ingham Ashworth, B.A., A.R.I.B.A. 

BRICKWORK, CONCRETE, AND MASONRY. Edited by 4 Corkhill, 

M.1.Struct.E. In eight volumes . : Each 

BUILDING EDUCATOR, °PITMAN’S. Edited by R. Greenhalgh, 
A.I.Struct.E. Second Edition. In three volumes } 

BuILpDING ENCYCLOPAEDIA, A Concise. Compiled by vy 
Corkhill, M.I.Struct.E. 

ENGINEERING EQUIPMENT OF BUILDINGS. By A. C. Pallot, 
B.Sc. (Eng.) . 

HypravLics. By Ee Lewitt, BSc. (Lond.), AM.LM.E. 
Fourth Edition . 

Jornery & CARPENTRY. Edited by R. Greenhalgh, AI Struct. E. 
In six volumes : . Each 

MrcHANICS OF BUILDING. “By Arthur 1D: Turner, Weak entiot 
A.M.1.C.E. 

PAINTING AND DECORATING. Edited by ou Eaton, FLB.D. 
In six volumes ? Each 

PLASTERING (Reprinted from Brickwork, Concrete and M asonty). 
By W. Verrall, C.R.P. °. 

PLUMBING AND GASFITTING. Edited by Percy Manser, RP., 
A.R.San.I. In seven volumes : . Each 

REINFORCED CONCRETE ARCH DESIGN. By G. P. Manning, 
M.Eng., A.M.I.C.E. 

REINFORCED CONCRETE, ConsTRUCTION IN. By G. P. Manning, 

- M.Eng., A.M.I.C.E. 

REINFORCED CONCRETE, DETAIL DESIGN IN. By Ewart S 
Andrews, B.Sc. (Eng.) . 

REINFORCED CONCRETE. By W. Noble Twelvetrees, M. LM. BS 
AN M0 A) 8 SE 

RIvER Work. By ise C; Eh Shenton, 'F, os ny M. Inst. N., and 
Cy.E., F.R.San.I., F.R.San.E., and F. E. H. ‘Shenton, M.S.E. 

SPECIFICATIONS FOR BUILDING Works. By W.. L: Evershed, 
F.S.I. Second Edition 

STRUCTURES, THE THEORY OF. “By H, W. Coultas, MSc., 
A.M.1.Struct.E., A.I.Mech.E. : 2 ; : 

SURVEYING, ADVANCED. By Alex. Wise Jameson, M.Sc., 
M.Inst.C.E. ; ? 4 h : 

SURVEYING, TUTORIAL LAND AND “Mine. By Thomas Bryson 


WATER MAINS, LAY-OUT OF SMALL. By H.H. Hellins,M. Inst.C.E. 


WATER SUPPLY PROBLEMS AND DEVELOPMENTS. By W. H. 
Maxwell, A.M.Inst.C.E. 

WATERWORKS FOR URBAN AND RURAL DistRICTS. By nae e 
Adams, M.Inst.C.E., M.1.M.E., F.S.I. Second Edition. 
CONDENSING PLANT. By Beaks ‘Kaula, MUiBIB and) iV. 

Robinson, Wh.Sc., A.M.Inst.C.E. . ; : : 
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MECHANICAL ENGINEERING 


ENGINEERING EpucaTor, PITMan’s. Edited by W. J. 
Kearton, M.Eng., A.M.I.Mech.E., A.M.Inst.N.A. Second 
Edition. In three volumes 

ESTIMATING FOR MECHANICAL ENGINEERS. By L, BE. Bunnett, 
AMS Pe, : 

*EOXPERIMENTAL ENGINEERING SCIENCE. By N, Harwood, B.Sc. 

First YEAR ENGINEERING SCIENCE. By G. W. Bird, Wh.Ex., 
B.Sc., A.M.I.Mech.E., A.M.ILE.E. . : 4 

Friction CLUTCHES. By R. Waring- -Brown, AMLAE., 
PRS A. MEP oR: ‘ : } 

Furr Ors AND THEIR APPLICATIONS. By H. V. Mitchell, 
F.C.S. Second Edition, Revised by A. Grounds, B.Sc., A.I.C. 

MECHANICS’ AND DRAUGHTSMEN’S PocKET Boox. By W. E. 
Dommett, Wh.Ex., A.M.I.A.E. ; : : ; 

*MECHANICS FOR ENGINEERING STUDENTS. By G. W. Bird, 
B.Sc., A.M.I.Mech.E., A.M.I.E.E. Second Edition 

MECHANICS OF MATERIALS, EXPERIMENTAL. By H. 
Carrington, M.Sc.(Tech.),D.Sc., M.Inst.Met., A.M.I.Mech.E., 
A.F.R.Ae.S. 

MOLLIER STEAM T ABLES AND “DIAGRAMS, “THE. " English Edition 
adapted and amplified from the Third German Edition My 
HH. Moss, D.Sc.) ALRUC.S,) (DLC. 

MOLLIER STEAM DIAGRAMS. Separately in envelope : i 

MoTIVE PowER ENGINEERING. By Henry C. Harris, B.Sc. . 

PULVERIZED FuEL Firine. By Sydney H. North, M.Inst.F.. 

SECOND YEAR ENGINEERING SCIENCE (MECHANICAL). By 
G.'W. Bird, Wh.Ex., B.Sc., A.M.1.Mech.E.,,A-M.1.E.E. 

StramM CONDENSING PLANT. By John Evans, M.Eng,, 
A.M.1I.Mech.E. A : 

STEAM PLANT, THE CARE AND MAINTENANCE oF. By J. 
Braham, B.Sc., A.C.G.I. , 

STEAM TURBINE OPERATION. By Ww. J. Kearton, M. Eng., BA 
A.M.I.Mech.E., A.M.Inst.N.A. ; 

STEAM TURBINE THEORY AND PRACTICE. By W. he Kearton, 
A.M.I.M.E. Third Edition 

STRENGTH OF MaTERIALsS. By F. V. Warnock, Ph.D., "BSc. 
(Lond,), BURG. Sc.) AMET ‘Mech.E. Second Edition. ; 

SURFACE CONDENSER, THE. By B. W. PENDRED, A.M.I.Mech.E. 

TECHNICAL THERMODYNAMIcS. By Professor Dipl.-Ing. W. 
Schiile. Translated from the German Technische Thermo- 
dynamik, by E. W. Geyer, B.Sc. . 

THEORY OF MacuiNEs. By Louis Toft, M.Sc. Tech., ‘and An, i) 
Kersey, A.R.C.Sc. Second Edition . : 

THERMODYNAMICS APPLIED TO Herat ENGINES. "By E. Bee 
Lewitt, B.Sc., A.M.I.Mech.E. 

TURBO: -BLOWERS AND COMPRESSORS. " By Ww. if Kearton, 
M.Eng.) ACM.IM.E., A.M.TN.A,) 

WorKSHOP Pracrice. Edited by E. A. Atkins, MI. Mech. E., 
M.I.W.E. In eight volumes . : . Each 
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AVIATION 
AVIATION 


AN Bec sucnon TO AERONAUTICAL ENGINEERING. 

In three volumes— 

Vol. I. Mechanics of Flight. Third Edition. By A. C. 
Kermode, A.F.R.Ae.S. : 

Vol. II. Structures. Second Edition. By le D. Haddon, 
BS6,,/A.b R.Ae.S.:: :, 

Vol. III. Properties and Strength of Materials. By ah D. 

Haddon, B.Sc., A.F.R.Ae.S. Second Edition. : 

AERO ENGINES, LIGHT. By C. F. Caunter 

AEROBATICS. By Major O. Stewart, M.C.. A.F.C. 

AERONAUTICS, HANDBOOK OF. Published under the Authority of 
the Council of The Royal Aeronautical Society. 

Vol. I. Second Edition ; : 
Vol. II. Aero-Engines, Design and Practice. By Andrew 
Swan, B.Sc., A.M.I.C.E., A.F.R.Ae.S. Second Edition 

AEROPLANE STRUCTURES, Tue STRESSES IN. By Eb 4 i. 
Howard, B.A., B.Sc., F.R.Ae.S. : 

AIR ANNUAL OF THE BRITISH EMPIRE. Volume MT. Edited by 
Squadron-Leader C.G. Burge, O.B.E., A.R.Ae.S.I., A.Inst.T. 

AIRCRAFT PERFORMANCE TESTING. By S. Scott Hall, M.Sc., 
Do Oy lete, and ..H. Eneland, D.S.C., A.F-C., etc... 

AIRCRAFT ConsTRUCTION, Tur MATERIALS OF. By | yee Bs Hill, 
F.R.Ae.S., M.I.Ae.E. Second Edition 

Arr LICENCES. By T. Stanhope Sprigg : 

AIRMAN’S YEAR Book and LIGHT AEROPLANE Manvat, 1935, 
THE. Edited by Squadron-Leader C. G. Burge, O. BBS 
AR AeS.1.; A.Inst.T. . 

Air NAVIGATION FOR THE PRIVATE OWNER. By Frank A. 
Swoffer, M.B.E. 

AIR NAVIGATION, PRACTICAL. By Wing: Commander J. K, 
Summers, M. Ge R.A.F. 

AIRMANSHIP, By John McDonough : 

AEROPLANES AND ENGINES (AIRSENSE). By W. O. Manning, 
F.R.Ae.S. Second Edition 

AUTOGIRO, AND How To Fiy It. By Reginald Brie. Second 
Edition : 

BRITAIN’S AIR PERIL. ‘By Major C. C. rs urmer, Ad, R.Ae. Ss 

FLYING AS A CaREER. By Major Oliver Stewart, M.C., A.F.C. 
Second Edition 

GLIDING AND MoTorLEss FLIGHT. By L. Howard- Flanders, 
A.F.R.Ae.S., and C. F. Carr. Second Edition 

GROUND ENGINEER’S TEXTBOOKS, 

“C” Licence. By R. F. Barlow : 

“DD” Licence. By A. N. Barrett, A.M.I. A. E, Second Ean. 

“X” Licence. By R. W. Sloley, M.A., B.Sc. Second Edition 

A Licence:. By W. J.C. Speller . : : 

“B” Licence. By S. J. Norton, A.M.I.C.E., A. Pi Acs. |. 

“X” Licence. By S. G. Wybrow, A.M.L.E. E., AONE Moras. 
Second Edition is , ‘ ; : ; . 
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Aviation—contd. 


How To Finp Your WaAy IN THE AIR. By G. W. Ferguson, 
M.C., A.F.C.,'M.L.Loco.E: : : 
LEARNING To Fly. By F. A. Swoffer, M.B.E. Third Edition . 
MarInE AircRAFT Desicn. By William Munro, A.M.I.Ae.E.. 
METAL AIRCRAFT CONSTRUCTION. By M. Langley, A.M.I.N.A., 
A.F.R.Ae.S. Second Edition . 
*Pitot’s ‘‘A”’ Licence. Compiled by John F. Leeming, Royal 
Aero Club Observer for Pilot's Certificates. Seventh Edition 
PRACTICAL PERFORMANCE PREDICTION OF AIRCRAFT. By 
Lt.-Col, J. 2D) Blyth, O.B EB “ACER Aes. Sie: : 
Roya Air Force, THE. By T. Stanhope Sprigg. Second Edn. 
SEAPLANE FLOAT AND HULL Desien. By M. Langley, M.I.Ae.E., 
A.M. Inst.N.A. : 
STRATOSPHERE AND ROCKET FLIGHT (ASTRONAUTICS). By 
Chas. G. Philp. : 
WIRELESS TELEGRAPHY. Compiled by W. E. CRooK 


OPTICS AND PHOTOGRAPHY 


APPLIED Optics, AN INTRODUCTION To. Volume I. General 
and Physiological. By L. C. Martin, D.Sc., A.R.C.S., D. I.C. 

APPLIED Optics, AN INTRODUCTION TO. Volume II. Theory 
and Construction of Instruments. By L. C. Martin, D.Sc., 
ALR.CS., D:LC. 

BROMOIL AND TRANSFER. By LG: Gabriel, B. Sc. 

CAMERA Lenses. By A. W. Lockett 

CoLoUR PHOTOGRAPHY. By Capt. O. Wheeler, F.RP. Sa 

COMMERCIAL CINEMATOGRAPHY. By G. H. Sewell, F.A.C.I. 

CoMMERCIAL PHOTOGRAPHY. By D. Charles. Second Edition. 

CoMPLETE PRESS PHOTOGRAPHER, THE. By Bell R. Bell. 

INDUSTRIAL Microscopy. By Walter Garner, M.Sc., F.R.M.S. 

Lens Work FoR AMATEURS. By H. Orford. Fifth Edition, 
Revised by A. Lockett . 

PHOTO-ENGRAVING IN RELIEF. By W. 7: ‘Smith, ERPS. 
E. L. Turner, F.R.P.S., and C. D. Hallam : ; 

PHOTOGRAPHIC CHEMICALS AND CHEMISTRY. By J. South- 
worth and T. L. J. Bentley : 

PHOTOGRAPHIC PRINTING, PROFESSIONAL AND CoMMERCIAL. 
By R. R. Rawkins : 

PHOTOGRAPHY AS A BUSINESS. By A. re Willis 

PHOTOGRAPHY, PROFITABLE. By WILLIAM STEWART 

PHOTOGRAPHY THEORY AND PrRacTICcE. By L. P. Clerc. Edited 
by G. E. Brown, F.I.C. 

RETOUCHING AND FINISHING FOR PHOTOGRAPHERS. By a S. 
Adamson. Third Edition 

SET STRUCTURE FOR THE AMATEUR CINEMATOGRAPHER, "PRac- 
TICAL,’, By D. Charles Ottley «. : 

StupIo PorTRAIT LicuHTING. By H. Lambert, F. R. PS. 

TELEPHOTOGRAPHY. By Cyril F. Lan-Davis, F.R.P.S. Fourth 
Edition by H. A. Carter, F.R.P.S. : 
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MOTOR ENGINEERING 


re 


MOTOR ENGINEERING, ETC. 
AUTOMOBILE AND AIRCRAFT ENGINES’ By A. W. eae 
Wh.Sc., A.R.C.S., A.M.I.A.E. Third Edition 


AUTOMOBILE ENGINEERING. Edited by H. Kerr Thorias, 
M.I.Mech.E., M.I.A.E. In seven volumes— 


Vols. 1-6 : : : : : . Each 

Volo 7 
GARAGE WORKERS’ oecaee. lone byt. R. etary Th 
seven volumes : : ; . Each 


Supplement to Vol. vile 
Your Drivine TEST: How To Pass ie By liver Stott 
Pirman’s Moror-Cyciists LIBRARY . : . Each 


A.J.S., THE Book oF THE. By W. C. Haycraft. 
ARIEL, THE Book oF THE. By G. S. Davison. 


B.S.A., THE Book oF THE. By “ Waysider.” (F. J. Camm.) 


DouGLas, Tur Book OF THE. By Fergus Anderson. 
Martcuiess, THE Boox OF THE. By W. C. Haycrait. 
New ImpERIAL, THE Book OF THE. By F. J. Camm. 
Norton, THE Boox oF THE. By W. C. Haycraft. 
RovaL ENFIELD, THE Book oF THE. By R. E. Ryder. 
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RupGE, THE Boox oF THE. By L. H. Cade and F. Anstey. 


SUNBEAM, THE Book OF THE. By L. K. Heathcote. 
TrruMPH, THE Book oF THE. By E. T. Brown. 
VILLIERS ENGINE, BoOK OF THE. By C. Grange. 


PirmMAn’s Motorists LIBRARY 

Austin, THE Boox oF THE. By B. Garbutt. Fourth 
Edition, Revised by John Speedwell. 

AUSTIN SEVEN, THE Book OF THE. By Gordon ey 
Goodwin 

B.S.A. THREE WHEELER, Book OF “THE. “By Harold Jelley 

De Luxe Forp Hanpsoox. By Harold Jelley and 

J. Harrison, A.M.I.Mech.E. 

HittMAN Minx, THE BOOK OF THE. By W. A. Gibson 
Martin ; 

MorGAN, THE Boox OF THE. By G. ais Walton 

Morris Minor, THE Book oF THE. By Harold Jelley and 
Eric G. Eastwood 

Morris MINOR AND THE Morris EIGHT, THE Book OF 
THE. By Harold Jelley 

PopuLaR Forp HANDBOOK, THE. “By Harold Jelley 

RiteEy Ning, THE Book oF THE. By R. A. Blake . 

SINGER JUNIOR, Book oF THE. By G. 5S. Davison. 

SInGER NINE, THE Book OF THE. By R. A. Bishop 

STANDARD NINE, THE Book OF THE. By John Speedwell 

Motorists’ ELEcTRICAL GuIDE, THE. By A. H. 
Avery, A.M.I.E.E. : ‘ 

CARAVANNING AND CAMPING. By A. H. M. ‘Ward, M.A. 
Second Edition : ° ° ° ° : : 
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ELECTRICAL ENGINEERING, ETC. 


ACOUSTICAL ENGINEERING. By W. West, B.A. (Oxon), 
A.M.1.E.E, : ; 

ACCUMULATOR CHARGING, MAINTENANCE, AND REPAIR. By 
W...5. [bbetson, B.Sc.,.A.M.LE.E.; M.UMarE; Pourth 
Edition : : : : 

ALTERNATING CURRENT BRIDGE MeETHODs. By B. eRe 
D.Sc. Third Edition 

ALTERNATING CURRENT CIRCUIT. "By Philip ‘Kemp, M. 1 cake E.. 

ALTERNATING CURRENT POWER MEASUREMENT. By G. F. 
Tagg, B.Sc. : : ; : : , 

ALTERNATING CURRENT Work. " By W. Perren ee 
M.I.E.E. Second Edition 

ALTERNATING CURRENTS, THE THEORY. AND PRACTICE oF. By 
A. T. Dover, M.I.E. E, Second Edition 

AUTOMATIC PROTECTIVE GEAR FOR A.C. SUPPLY SYSTEMS. 
By J: Henderson, M.C.; Bioc. AME Ee: 

AUTOMATIC STREET TRAFFIC SIGNALLING APPARATUS AND 
MetuHops. By H. H. Harrison, M.Eng., M.I.E.E., M.I.R.S.E., 
and 2 Preist : : : : ; A 5 

CABLES, H1GH VOLTAGE. By P. Dunsheath, O.B.E., M.A., 
F Inst.P., PSC. Nae X 

CALCULATION AND DESIGN OF ELECTRICAL APPARATUS, THE. 
By W. Wilson, M.Sc., B.E., M.I.E.E., M.Amer.1.E.E. 

ContTInvous CURRENT MOTORS AND CONTROL APPARATUS. es 
W. Perren Maycock, M.1.E.E.. 

DIRECT CURRENT ELECTRICAL ENGINEERING, PRINCIPLES oF. 
By James R. Barr; -A.M.LE EE. and: D: ]. Bolton, MSc. 
M.I.E.E. Second Edition : 5 s é : 

DiIREcT CURRENT MACHINES, PERFORMANCE AND DESIGN OF. 
By A. E. Clayton, D.Sc., M.1.E.E. 

Dynamo, THE: ITs THEORY, DESIGN, AND MANUFACTURE. By 
C. C. Hawkins, M.A., M.1.E.E. In three volumes. Sixth 
Edition, revised 

Volume I ; ; : : : 
Il ‘ ; : : ; ; ; : 
Ill D : : 

ELECTRIC AND MAGNETIC Circurrs, THE ALTERNATING AND 
DrirEcT CurrENT. By E. N. Pink B.Sc., A.M.I.E.E. 

Eectric Crrcuir THEORY AND CALCULATIONS. By W. Perren 
Maycock, M.I.E.E. Third Edition, Revised by Philip ne 
MSc. MI EE ALA BoB ren: 

ELEctRIC CIRCUITS AND WAVE FILTERS. By ‘A. af: ‘Starr, M. A., 
Bis ReMi IE. 

ELECTRIC CLocks, MopErn. By Stuart F. Philpott, AMLE.E. 

ELEcTRIC LIGHTING AND POWER DISTRIBUTION. By W. Perren 
Maycock, M.I.E.E. Ninth Edition, en Revised by 
C. H. Yeaman ‘In two volumes : . Each 

ELEctTRic MACHINES, THEORY AND DESIGN oF. By F, Creedy, 
M.A.1.E.E., A.C. Gio : ‘ ° ; i ° 
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ELECTRICAL ENGINEERING 


Electrical Engineering, etc.—contd. 
ELEcTRIC MoToRS AND CONTROL SysTEMs. By A. T. Dover, 
M.I.E.E., A.Amer.I.E.E. ; : é : ° ; 


ELECTRIC MOTORS FOR CONTINUOUS AND ALTERNATING CUR- 
RENTS, ASMALL Bookon. By W. Perren Maycock, M.I.E.E. 


Evectric TrRacTion. By A. T. Dover, M.I.E.E., Assoc.Amer. 
I.E.E. Second Edition, revised , ‘ : : ( 

ELECTRIC TRAIN-LIGHTING. By C. Coppock . 

ELECTRIC TROLLEY Bus. By R. A. Bishop 


ELECTRIC WIRING DiAGRAmsS. By W. Perren Maycock 
M.1.E.E. 


ELECTRIC viata. FITTINGS, Geircais. AND ee By w. 
Perren Maycock, M.I.E. E. Sixth Edition. Revised # 
Philip Kemp, M.Sc., M.I.E.E. 


ELECTRIC WIRING OF BUILDINGS. By F. C. eaphest i, 4 HS DS DE 


ELECTRIC WIRING TABLES. By W. Perren Maycock, M.I.E.E. 
Revised by F. C. Raphael, M.I.E.E. Sixth Edition 


ELECTRICAL CONDENSERS. By Philip R. Coursey, B.Sc., 
F.Inst.P., M.I.E.E. : A : g ; 


* ELECTRICAL CONTRACTING, ORGANIZATION, AND ROUTINE. By 
H. R. Taunton : ‘ ‘ : ; : 

ELECTRICAL EDUCATOR, PITMAN’S. By Sir Ambrose Fleming, 
M.A., D.Sc., F.R.S. In three volumes. Second Edition 


ELECTRICAL ENGINEERING, CLASSIFIED EXAMPLES IN. By S. 
Gordon Monk, M.Sc. (Eng.), B.Sc., A.M.I.E.E. In two 
parts— 

*Volume I. DirEcT CuRRENT. Third Edition. 
*IT, ALTERNATING CURRENT. Third Edition 


* ELECTRICAL ENGINEERING, ELEMENTARY. By O. R. Randall, 


Ph.D., B.Sc., Wh.Ex. 


ELECTRICAL ENGINEERING, EXPERIMENTAL. By E. T. A. 
Rapson, A.C.G.I., Wh.Ex., A.M.I.E.E. : : 
ELECTRICAL ENGINEER’S POCKET Book, WHITTAKER’S. Origi- 
nated by Kenelm Edgcumbe, M.I.E.E., A.M.I.C.E. Sixth 
Edition. Edited by R. E. Neale, B.Sc. (Hons.). 
ELECTRICAL GUIDES, HAWKINS’— 
In ten volumes : 4 , ; : . Each 
ELECTRICAL MACHINERY AND APPARATUS MANUFACTURE. 
Edited by Philip Kemp, M.Sc., M.I.E.E., Assoc.A.I.E.E. 
In seven volumes . , : . Each 


ELECTRICAL MACHINES, Pesce eariac. oF. By L. Oulton, 
A.M.I1.E.E., and N. J. Wilson. M.I.E.E. Second Edition 
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Electrical Engineering, etc.—contd. 
ELECTRICAL MEASUREMENTS AND MEASURING INSTRUMENTS. 
By E. W. Golding, B.Sc.Tech., A.M.IL.E.E. 
ELECTRICAL MEASURING INSTRUMENTS, COMMERCIAL. By R. M. 
Archer, B.Sc. (Lond.), A.R.C.Sc., M.I.E.E. 


ELECTRICAL MEASURING INSTRUMENTS, INDUSTRIAL. By 
Kenelm Edgcumbe, M.Inst.C.E., M.I.E.E., and F.E. J. 
Ockenden, A.M.I.E.E. : 

ELECTRICAL POWER TRANSMISSION AND inyeueconnece oa 
By C. Dannatt, B.Sc., and J. W. Dalgleish, B.Sc... : 

ELECTRICAL TECHNOLOGY. By H. Cotton, M.B.E., D.Sc. 
Second Edition 


ELECTRICAL TERMS, A picugnans OF. bey S, R. Roget, M. AC 
A.M. Inst.C.E., A.M.I.E.E. Second Edition 


ELECTRICAL TRANSFORMER THEORY. By S. Gordon Morte M. So. 

ELECTRICAL TRANSMISSION AND DISTRIBUTION. Edited by 
R.O. Kapp, B.Sc. In ae volumes. Vols. I to VII, Each 
Vol. Vill a. : 

ELECTRICAL WIRING AND ConTRACTING. ' Edited be H. 
Marryat, M.I.E.E., M.I.Mech.E. In seven volumes . Each 

ELECTRO-TECHNICS, ELEMENTS OF. By A. P. Wome O.B.E., 
M.I.E.E. 3 : 

FRACTIONAL Horan Rersee By Puls Avery 
A.M.I.E.E. 

INDUCTION MOTOR peionice By R. E. “Hopkins, B. Sc., 
AM OLE EDLC. AUG .CL. 

INDUCTION MOTOR IN THEORY, eos AND Dears THE 
By H: Vickers, Ph.D); NC Eng. 

INDUSTRIAL ELECTRIC Moron CONTROL GEAR. By W. ‘HL J 
Norburn, A.M.I.E.E. 5 

Mercury ARC CURRENT CONVERTORS. By i. Risse Fone 
B.Sc, (hing), ADELE BMA Min oi : : 

METER ENGINEERING. By J. L. Ferns, B.Sc. (Hons.), A.M.C.T. 

PHOTOELECTRIC CELL APPLICATIONS. By R. C. Walker, B.Sc., 
and T. M. C. Lance, A.I.R.E. Second Edition. ° 

PHOTOGRAPHIC CELLS. Their Properties, Use and Aoleaiaae 
By Norman Robert cmt and ath oe Ritchie. Third 
Edition : 

POWER Aan AND poe mie ee IN. 
By A. T. Dover, M.I.E.E., A.A.LE.E. 

POWER WIRING DiaGrRams. By A. T. Dover, M.I.E.E., A.Amer. 
I.E.E. Second Edition, Revised . : 

PRACTICAL PRIMARY CELLS. By A. Monae Codd, F. Ph. Sik 

RAILWAY ELECTRIFICATION. By H. F. Trewman, A.M.1.E.E. 

RAILWAY TRAcK Circuits. By D. C. Gall. 
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Electrical Engineering, etc.—contd. 


SAGS AND TENSIONS IN OVERHEAD LINEs. ByC.G. Watson, 
M.I.E.E. 

STAGE LIGHTING. By (33 Harold Ridge, a. R. oi DL. Ce and 
B.S, Aldred, A.M Inst.C.E. . 

STEAM TURBO-ALTERNATOR, THE. By 1 C. Grant, A.M. L 1 Di E, 

STORAGE BATTERIES: THEORY, MANUFACTURE, CARE, AND 
APPLICATION. ByM. Arendt, E.E. . 

STORAGE BaTTERY PRACTICE. By R. Rankin, B. Se. M. o E. oe 

SWITCHGEAR DESIGN, ELEMENTS OF. By Dr. Ing. Fritz Kessel- 
ring, translated by S. R. Mellonie, A.M.I.E.E., and J. 
Solomon, B.Sc. (Eng.), A.M.I.E.E. d 

TRANSFORMERS FOR SINGLE AND MULTIPHASE CURRENTS. By 
Dr. Gisbert Kapp, M.Inst.C.E., M.I.E.E. Third Edition, 
Revised by R. O. Kapp, B.Sc. : ‘ 


15 
18 


15 


TELEGRAPHY, TELEPHONY, AND WIRELESS 


AUTOMATIC BRANCH EXCHANGES, PRivaTE. By R. T. A. 


Dennison ‘ ; 5 4 
AUTOMATIC TELEPHONY, RELAYS IN. By R. W. Palmer, 
A.M.1.E.E. 
CABLE AND WIRELESS CoMMUNICATIONS OF THE WorLp, THE. 
By F. J. Brown, C.B., C.B.E., M.A., B.Sc. (Lond.). Second 
Edition 


RaDIo COMMUNICATION, MopeErRN. By J. H. Reyner, B.Sc. 


(Hons.), A.C.G.I., AM.LE.E, In 2 Volumes. . Vol. I 
VolvLE 
RapIo ENGINEERING, PROBLEMS IN. By E. T. A. Rapson, 
Poa, DLC. AM.LE.E. : 
Rapio RECEIVER SERVICING AND MAINTENANCE. By E. ue G 
Lewis . 
SUBMARINE TELEGRAPHY. By Ing. Italo de Guili. " Translated 
by J. J. McKichan, O.B.E., A.M.I.E.E. 
SUPERHETERODYNE RECEIVER, THE. By Alfred i Witts, 
A.M.I1.E.E. 
TALKING PICTURES. By B. Brown, B. Sc. Second Edition 
TALKING PICTURES AND RECORDING, AMATEUR. By B. Brown, 
| ato, ea ‘ 
TELEGRAPHY. By ¢%- E. Herbert, “M.LE.E. Fifth Edition 
TELEPHONE HANDBOOK AND GUIDE TO THE TELEPHONIC 
EXCHANGE, PracticaL. By Joseph Poole, A.M.I.E.E. 
Seventh Edition. Revised and Enlarged.. 
TELEPHONY. By T. E. Herbert, M.I.E.E., and W. S- Procter, 
A.M.I.E.E. In two volumes. Second Edition— 
Volume I. ManuaLt SwITCHING SYSTEMS AND LINE 
PLANT : : - 
Volume II. AuToMATIC TELEPHONY. (In the Press) 
TELEPHONY SIMPLIFIED. AuTomMaTic. By C, W. Brown, 
A.M.I1.E.E. Second Edition. . : ‘ : : : 
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Telegraphy, Telephony, and Wireless—contd. , g 


TELEPHONY, THE CALL INDICATOR SYSTEM IN AUTOMATIC. By 
A. G. Freestone, of the Automatic i teiiatas School, G.P.O., 
London 


TELEPHONY, THE Drmecron Sree OF Cpe By W. E. 
Hudson, Whit.Sch., B.Sc. Hons. (London), A.C.G.I. 


TELEVISION, PopuLAR. By H. J. Barton Chapple . A 

TELEVISION : TO-DAY AND TO-MORROW. By Sydney A. Moseley 
and H. J. Barton Chapple, Wh.Sc., B.Sc. eae ); AC.Gig 
D.1.C., A.M.I.E.E. Fourth Edition 

TELEVISION FOR THE AMATEUR CONSTRUCTOR. By H. cB: Barton 
Chapple. Second Edition : : ; 

TunineG In WitHout TEARS. By Frente Boyce “ P 

WIRELESS MANUAL, THE. By Capt. J. Frost, I.A. (Retired), Re- 
vised by H. V. Gibbons. Third Edition . : 


MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 


ALTERNATING CURRENTS, ARITHMETIC OF. By E. H. Crapper, 
D.Sc. M.I.E.E. : ; ; 


CALCULUS FOR ENGINEERS AND STUDENTS OF SCIENCE. By 
John Stoney, B.Sc. Engineering (Lond.). Second Edition . 


ELECTRICAL ENGINEERING, WHITTAKER’S ARITHMETIC OF. 
Fourth Edition. Revised pe Ay TS potarry MUA Ber 
A.M.I.E.E, : 

ELEMENTARY Pascnieae MAweeunnics. ee I (First ven 
By Eo WwW. oe B.Sc.Tech., A.M.1.E.E., and H: GC. 
Green, M.A. ; ‘ 

ELEMENTARY ee Ons Mor ae Bonk i (Second 
Year). By E. W. Golding, B.Sc.Tech., A.M.1.E.E., and 
Fis G.Green, MUA 

ELEMENTARY PRACTICAL MATHEMATICS. Book Ill (Third Year). 
By E. W. Golding, M.Sc.Tech., A.M.I.E.E., Mem.A.1.E.E., 
and H. G. Green, M.A. : : 3 

EXPONENTIAL AND HY sennorie PONEHONG AND THEIR 
APPLICATIONS. By A. H. Bell, B.Sc. : : 

First YEAR BUILDING MatTueEmatics. By G. W. Bird, Wh. be 
B.Sc., A.M.I-Mech.E., A.M.LEVE. ©. 


“GEOMETRY, BUILDING. By Richard Gysntelen . I. Struct, E. 
GEOMETRY, Contour. By A. H. Jameson, M.Sc., M.Inst.C.E. . 
GEOMETRY, EXERCISES IN BUILDING. By Wilfred Chew 


GRAPHIC STATICS, ELEMENTARY. By J.T. Wight, A.M.I.Mech.E. 
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MATHEMATICS FOR ENGINEERS 
Mathematics for Engineers—contd. 
GRAPHS OF STANDARD MATHEMATICAL Functions. By H. V. 
Lowry, M.A. 
LOGARITHMS FOR Pere By C. N. Piaiwarth, Wh. su 
Eighth Edition 
LoGARITHMS, FIvE FIGURE, AND EE ANS ee iia Ne 
By W. E. Dommett, A.M.I.A.E., and H. C. Hird, A.F.Ae.S. 
*LOGARITHMS SIMPLIFIED. By Eraeek Card, B.Sc., and A. C. 
Parkinson, A.C.P. Second Edition : : 
MATHEMATICS, ADVANCED PRacTicaL. By W. L. Cowley, 
w5C.5.,D.1.C., F.R.Ae.S., Wh.Sch. 


MATHEMATICS, a ManaT IN APPLICATION OF. By Ww. C. 
Bickley, M.S 


MATHEMATICS FOR ee PRELIMINARY. By Ww. S. 


Ibbetson, B.Sc., A.M.I.E.E., M.I.Mar.E. 
MATHEMATICS FOR TECHNICAL Sr UDENTS. By G.E Hall, B. Sal 


MATHEMATICS, PRACTICAL. By Louis Toft, M.Sc. Nae and 
A. D. D. McKay, M.A. : 


MECHANICAL TasBLEs. By J. Foden . d ° 

METALWORKER’S PRACTICAL CALCULATOR, THE. By I. Matheson 

*Merric LENGTHS TO FEET AND INCHES, TABLE FOR THE CON- 
VERSION oF. Compiled by Redvers Elder. On paper. 

*MinInNG MATHEMATICS (PRELIMINARY). By George W. String- 
fellow . ‘ : : : ‘ 
With Answers : , , ‘ : : A 

NomocraM, THE. By H. J. Allcock, B.Sc., A.M.I.E.E., 
A.M.1I.Mech.E., and J. R. Jones, M.A., HGS ; 

NoTEeEBooK oF MatTuematics, A By G. T. H. Cook, B. Sc., 
A.M. Inst.B.E. 

*SCIENCE AND eae Date! By W. F, F. Shearorste, 
B.Sc., A.I.C., and Denham Larrett, M.A. 

SLIDE RULE, THE. By C. N. Pickworth, Wh.Sc. Seventeenth 
Edition, Revised 

SLIDE RULE: Its Cone AND Diner Hore, Ta. i iM 
Lovat Higgins, A.M.Inst.C.E : 

STEEL’s TABLES. Compiled by oceoh Ny 

TELEGRAPHY AND TELEPHONY, ARITHMETIC OF. By T. E, 
Herbert, M.I.E.E., and R. G. de Wardt 

TRIGONOMETRY FOR ENGINEERS, A PRIMER OF. By Ww. G. 
Dunkley, B.Sc. (Hons.) . 

TRIGONOMETRY, PRACTICAL. By ay Warne: M, i Gc. E, 
M.L.M.E., F.S.I. Third Edition, Revised and Enlarged 
VENTILATION, PUMPING, AND HAULAGE, MATHEMATICS OF. By 

F, Birks 4 i 
* WORKSHOP ARITHMETIC, Fi IRST STEPs | IN, By H. P. Green ° 
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MISCELLANEOUS TECHNICAL BOOKS 


Boot AND SHOE MANUFACTURE. By F. Plucknett . 

Boots AND SHOES: THEIR MAKING, MANUFACTURE AND SELL- 
ING. Edited by F. Y. Golding, F.B.S.I. In 8 Volumes. Each 

Bow is, THE MODERN TECHNIQUE OF. By H. P. Webber and 
Dr. J. W. Fisher. Second Edition 


BREWING AND MaLTING. By J. Ross Mackenzie, B ‘oh sorry al R. M. S, ; 


Third Edition 

BUILDER’S BUSINESS MANAGEMENT. “By J) H. Bennetts, 
A.I.0.B. ; 

DELPHINIUM, THE Book OF THE. By 1. F, Leeming : 

* i NGINEERING ECONOMICS. By T. H. Burnham, B.Sc. (Hons.), 
B.Com., A.M.I.Mech.E. In 2 Volumes. Third Edn. Book I 

Book II 

ENGINEERING INQUIRIES, DaTa FoR. By J. C. Connan, B.Sc., 

A.M.1.E.E., O.B.E. i 


FARADAY, MICHAEL, AND SOME OF His CONTEMPORARIES. By 


Prof. William Cramp, D.Sc., M.I.E.E. 

GLUE AND GELATINE. By P. [. Smith . 

GRAMOPHONE HANDBOOK. By W. S. Rogers 

HAIRDRESSING, THE ART AND CRAFT OF. Edited by G.A. Foan. 

HIKER AND CAMPER, THE COMPLETE. By C. F. Carr 

HovusE DEcORATING, PRACTICAL. By Millicent Vince 

MODERN ILLUSTRATION PROCESSES. By Charles W. Gamble, 
O.B.E., M.Sc.Tech. : 

Mozor BoaTIne. By F. H. Snoxell 

PAPER TESTING AND CHEMISTRY FOR PRINTERS. By Gordon A. 
jahans, B.A. 

PETROLEUM. By Albert Lidgett. Third Edition 

PLAN DRAWING FOR THE PoLicE. By James D. Cape, P.A.S. ie 

PRINTING, Its History, Practice and Progress. By H. A. 
Maddox. Second Edition 

PRINTING, THE ART AND PRACTICE OF. ‘Edited by Wm. Atkins. 
In six volumes , é . Each 

REFRACTORIES FOR FURNACES, CRUCIBLES, ETC. By A.B. ‘Searle 

REFRIGERATION, MECHANICAL. By Hal Williams, M.I.Mech.E., 
M.1.E.E., M.U.Struct.E. Fourth Edition 

SuED TESTING. By J. Stewart Remington 

SHOE REPAIRER’S HANDBOOKS. By D. Laurence-Lord. In 
seven volumes. . , . Each 

STONES, PRECIOUS AND SEMI-PRECIOUS. By Michael Wein- 
stein. Second Edition 

TAILORING, PRacTIcAL. By J. E. ‘Liberty, jay K.AF. ¢ 

TEACHING METHODS FOR TECHNICAL TEACHERS. By . Ls 
Currie, M.A., B.Sc., A.M.I.Mech.E. 

TRAFFIC DRIVING TECHNIQUE. By Oliver Stewart 

UPLAND RAMBLES IN SURREY AND SUSSEX. By Harold Shelton, 
eas AiG , 

WitH THE WATCHMAKER AT THE BENCH. By Donald de Carle, 
bP se BR ° 
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PITMAN’S TECHNICAL PRIMERS 19 
PITMAN’S TECHNICAL PRIMERS 
Each in foolscap 8vo, cloth, about 120 pp., illustrated 2s. 6d. 


ABRASIVE MATERIALS, MANUFACTURE AND USE oF. By A. B. 
Searle. 

A.C. PROTECTIVE SYSTEMS AND GEARS. By J. Henderson, B.Sc., 
M.C., and C. W. Marshall, B.Sc., M.I.E.E. 

BzLTs FOR PowEr TRANSMISSION. By W. G.Dunkley, B.Sc. 

BoiLER INSPECTION AND MAINTENANCE. By R. Clayton. 

CENTRAL STATIONS, MopERN. By C. W. Marshall, B.Sc., 
AOL TEE. 

CoNnTINUOUS CURRENT ARMATURE WINDING. By F.M. Denton, 
A.C.G.1I., A.Amer.].E.E. 

CoNTINUOUS CURRENT MACHINES, THE TESTING OF. By Charles 
Pyomitn, D.Sc., MLE. A.M1.C.R. 

CoTTon SPINNING MACHINERY AND Its Uses. By Wm. Scott 
Taggart, M.I.Mech.E. 

DIESEL ENGINE, THE. By A. Orton, A.M.I.Mech.E. 

Drop FORGING AND Drop STAMPING. By H. Hayes. 

ELECTRIC CABLES. By F. W. Main, A.M.1.E.E. 

ELEecTRIc CRANES AND Hautine Macuines. By F. E. Chilton, 
A.M.I.E.E. 

ELEcTRIC FURNACE, THE. By Frank J. Moffett, B.A., M.I.E.E. 


Exectric Motors, SMALL. By E. T. Painton, B.Sc., A.M.I.E.E. 


ELECTRICAL TRANSMISSION OF ENERGY. By W. M. Thornton, 
O.B.E., D.Sc., M.LE.E. 

ELECTRICITY IN AGRICULTURE. By A. H. Allen, M.1.E. E. 

ELECTRICITY IN STEEL Works. By Wm. McFarlane, B.Sc. _ 

EL£CTRIFICATION OF Raitways, THE. By H. F. Trewman, M.A. 

ELECTRO-DEPOSITION OF COPPER, THE. And its Industrial 
Applications. By Claude W. Denny, A.M.I.E.E. 

EXPLOSIVES, MANUFACTURE AND USES OF. By R. C. Farmer, 
O.B.E., D.Sc., Ph.D. 

FILTRATION. By T. R. Wollaston, M.1.Mech.E. 

FOUNDRYWORK. By Ben Shaw and James Edgar. 

GRINDING MACHINES AND THEIR USE. By Thos. R. Shaw, 
M.1.Mech.E. 

Hypro-ELEctTRic DEVELOPMENT. By J. W. Meares, F.R.A.S., 
M.Inst.C.E., M.1.E.E., M.Am.1.E.E. 

INDUSTRIAL AND PowER ALCOHOL. By R. C. Farmer, O.B.E., 
LU ast Reg ad DA ee Ot Oe 

INDUSTRIAL NiTROGEN. By P. H. S. Kempton, B.Sc. (Hons.), 
A.R.C.Sc. 

KINEMATOGRAPH STUDIO TECHNIQUE. By L. C. Macbean. 

LusBRICATION, LUBRICANTS AND. By J. H. Hyde, A.M.I.C.E. 

MECHANICAL HANDLING OF Goops, THE. By C. H. Woodfield, 
M.I.Mech.E. 
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Pitman’s Technical Primers—contd. Each 2s. 6d. 


MECHANICAL STOKING. By D. Brownlie, B.Sc., A.M.I.M.E. 
(Double volume, price 5s. net.) 

METALLURGY OF IRON AND STEEL. Based on Notes by Sir 
Robert Hadfield. 

MUNICIPAL ENGINEERING. By H. Percy Boulnois, M.Inst.C.E., 
F.R.San.Inst., F Inst.S.E. 

PATTERNMAKING. By Ben Shaw and James Edgar. 

PHOTOGRAPHIC TECHNIQUE, MANUAL OF. By L. J. Hibbert, 
PRPS. 

PNEUMATIC CONVEYING. By E. G. Phillips, M.1.E.E., 
A.M.I.Mech.E. 

PowER Factor CorRECTION. By A. E. Clayton, D.Sc. (Eng.) 
Lond.. A.K.C., M.I.E.E. | 

RADIOACTIVITY AND RADIOACTIVE SUBSTANCES. By J. 
Chadwick, M.Sc., Ph.D. 

RAILWAY SIGNALLING: AuToMaTic. By F. Raynar Wilson. 

SEWERS AND SEWERAGE. By H. Gilbert Whyatt, M.I.C.E. 

SPARKING PLues. By A. P. Young, O.B.E., and H. Warren, 
A.M.L.E.E. | 

STEAM ENGINE VALVES AND VALVE Gears. By E. L. Ahrons, 
M.1.Mech.E., M.I.Loco.E. 

STEAM LocomoTive, THe. By E. L. Ahrons. 

STEAM LocomoTivE CONSTRUCTION AND MAINTENANCE. By 
E. L. Ahrons, M.I.Mech.E., M.I.Loco.E. 

STEELWORK, STRUCTURAL, By Wm. H. Black. 

STREETS, RoADs, AND PAVEMENTS. By H. Gilbert Whyatt, 
M.Inst.C.E., F.R.San.I. 

SWITCHGEAR, HicgH TENSION. By Henry E. Poole, B.Sc.(Hons.), 
A.C,G.1., A.M.I.E.E, 

SWITCHING AND SWITCHGEAR. By Henry E. Poole, B.Sc.(Hons.), 
A.C.G.I., A.M.1.E.E, 

TELEPHONES, AuTOMaTIC. By F. A. Ellson, B.Sc., A.M.1.E.E. 
(Double volume, price 5s.) 
TipaL Power. By A.M. A. Struben, O.B.E., A.M.Inst.C.E. 
TRANSFORMERS AND ALTERNATING CURRENT MacHINEsS, THE 
TESTING OF. By Charles F, Smith, D.Sc., A.M.Inst.C.E. 
TRANSFORMERS, HIGH VOLTAGE PowER. By Wm. T. Taylor, 
M.Inst.C.E., M.I.E.E, 
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